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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
Washington,  D.  C,  September  29, 1908. 

Sir  :  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  in  the  bulletin  series  of  this  Bureau  a  manuscript  entitled 
"A  Biometrical  Study  of  Egg  Production  in  the  Domestic  Fowl. 
I.  Variation  in  Annual  Egg  Production." 

This  paper  is  the  first  in  a  proposed  series  dealing  with  a  biometri- 
cal study  by  Drs.  Raymond  Pearl  and  Frank  M.  Surface  of  the  results 
obtained  at  the  Maine  Agricultural  Experiment  Station  in  breeding 
for  egg  production  during  the  past  nine  years,  the  work  during  the 
past  three  years  having  been  done  in  cooperation  with  this  Bureau. 
The  subjects  to  be  discussed  in  the  several  parts  are  briefly  outlined 
in  the  introduction. 

While  the  investigation  is  the  joint  work  of  Doctors  Pearl  and 
Surface,  Doctor  Pearl  is  responsible  for  the  actual  writing  of  the 
whole  paper. 

Very  respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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A  BIOMETRICAL  STUDY  OF  EGG  PRODUCTION  IN  THE 
DOMESTIC  FOWL. 


I.  VARIATION  IN  ANNUAL  EGG  PRODUCTION.0 


INTRODUCTION. 

In  1898  the  Maine  Agricultural  Experiment  Station  began  the  use 
of  trap  nests 6  in  connection  with  its  poultry  investigations.  Since 
that  time  such  nests  have  been  used  to  obtain  records  of  the  egg 
production  of  all  hens  kept  by  the  station.  In  consequence  there 
has  now  accumulated  a  remarkable — in  some  respects,  indeed,  a 
unique — collection  of  exact  statistical  data  regarding  the  phenome- 
non of  egg  production  in  certain  breeds  of  the  domestic  fowl.  So  far 
as  we  are  aware  no  other  set  of  records  of  egg  production  exists  which 
compares  with  this  either  in  regard  to  the  number  of  birds  included 
in  the  statistics  or  in  length  of  time  covered  by  continuous  daily 
records.  On  this  account  it  has  seemed  desirable  that  these  statistics 
be  submitted  to  such  thorough  biometrical  analysis  as  their  intrinsic 
value  obviously  warrants.  Hitherto  practically  no  analytical  study 
of  egg  production  statistics  (either  the  present  collection  or  others) 
has  ever  been  made.  The  need  of  such  study,  however,  is  apparent 
if  it  be  considered  that  only  by  analysis  of  comprehensive  statistics 
of  egg  production  can  we  hope  to  reach  a  definite  formulation  of  the 
fundamental  biological  laws  underlying  the  process  itself.  The  exist- 
ing knowledge  of  egg  production  in  fowls  is  on  much  the  same  plane 
as  that  regarding  milk  production  in  dairy  cattle,  for  example.  In 
both  cases  empirical  methods  have  led  to  a  knowledge  of  how  to 
feed,  care  for,  and,  to  some  extent,  breed  the  animals  in  order  to  get 
a  high  production  of  the  thing  desired.    But  of  the  biological  factors 

a  Papers  from  the  Biological  Laboratory  of  the  Maine  Agricultural  Experiment 
Station,  No.  2. 

b  The  particular  type  of  trap  nest  used  was  designed  at  this  station  and  has  been 
described  and  figured  in  the  Annual  Report  of  the  Maine  Agricultural  Experiment 
Station  for  1898,  pp.  141-143,  in  various  bulletins  of  the  station  issued  subsequently, 
and  in  Bulletin  90  of  the  Bureau  of  Animal  Industry.  Recently  a  new  and  improved 
trap  nest  has  been  devised  and  has  replaced  the  earlier  form  of  nest  in  the  experi- 
mental work  of  the  station.  For  a  description  of  this  new  nest  see  Bulletin  159  of  the 
Maine  station. 
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concerned  in  improved  egg  production  or  milk  secretion,  and  the 
laws  according  to  which  these  factors  operate,  relatively  little  is 
definitely  known. 

In  the  case  of  the  fowl  the  frequency  of  ovulation  in  a  given  period 
of  time  has  been  enormously  increased  in  the  domesticated  hen  as 
compared  with  the  wild  Gallus  hankiva.  It  is  commonly  said  that 
the  great  egg  production  of  present-day  "improved"  varieties  is  due 
to  the  long-continued  process  of  selection  for  this  quality  or  character- 
istic which  has  been  going  on  since  domestication  of  fowls  began. 
Possibly  this  is  true  in  a  broad  sense,  but  it  does  not  tell  us  anything 
about  the  underlying  physiological  factors  which  are  the  things  that 
have  been  improved  by  this  selection,  or  even  what  these  factors  are. 
Yet  it  is  about  them  that  we  must  know  if  we  are  to  make  advance 
in  the  direction  of  increasing  egg  production.  Selection  must  be 
directed  with  ever-increasing  precision  as  it  goes  on  if  improvement 
is  to  continue,  and  to  make  it  more  precise  the  breeder  must  have 
more  detailed  knowledge  regarding  the  thing  for  which  he  is  select- 
ing, and  how  this  is  inherited. 

A  point  of  particular  biological  interest  in  connection  with  statistics 
of  egg  production  lies  in  the  relation  which  they  bear  to  statistics  of 
fecundity  and  fertility  in  other  organisms.  In  nearly  all  animals 
other  than  birds  the  only  possible  measure  of  fecundity  is  based  on 
the  number  of  young  produced.  But  the  number  of  young  pro- 
duced depends  not  alone  on  the  mother's  inherent  reproductive 
capacity,  but  also  on  her  opportunities  for  getting  the  ova  she  pro- 
duces fertilized.  Statistics  such  as  those  with  which  we  are  here 
dealing  are  statistics  of  ovulation,  and  they  make  it  possible  to  study 
this  single  phase  of  the  problem  of  fecundity  free  from  disturbing 
factors." 

The  general  purpose  of  this  study  is  to  make  as  thorough  an  analysis 
of  the  phenomenon  of  egg  production  in  the  domestic  fowl  as  may 
be  possible.  The  detailed  statistics  which  we  have  available  are  so 
extensive  and  the  specific  problems  to  be  attacked  are  so  numerous 
that  it  has  seemed  advisable  to  publish  the  results  of  the  investiga- 
tion in  separate  parts.  The  general  topics  which  it  is  tentatively 
proposed  shall  be  discussed  in  the  several  parts  are  briefly  indicated 
in  the  following  outline : 

I.  Variation  in  egg  production  based  on  the  study  of  the  records 
of  annual  production.    (The  present  paper.) 

II.  The  egg  production  in  the  several  months  of  the  year  and  the 
relation  of  monthly  to  total  annual  egg  production.  This  portion  of 
the  investigation  has  as  its  aim  the  "dissection"  of  the  gross  annual 
curves  of  variation  in  egg  production. 


°For  a  more  detailed  discussion  of  this  point  see  Maine  Agricultural  Station  Bul- 
letin 166. 
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III.  The  effect  of  environmental  influences  on  egg  production. 

IV.  The  relation  of  certain  internal  factors  to  egg  production. 

V.  General  summary  and  discussion  of  the  results  of  the  investiga- 
tion. 

The  present  paper  (Part  I)  is  in  the  first  instance  a  necessary  pre- 
liminary to  those  which  are  to  follow.  Its  main  purpose  is,  in  a 
sense,  to  define  the  problems  with  which  the  subsequent  parts  of  the 
work  have  to  do.  In  it  are  set  forth  the  facts  regarding  variation 
in  first-year  egg  production."  These  facts  we  shall  attempt  to  analyze 
in  later  portions  of  the  work.  The  subject  of  variation  in  first-year 
egg  production  has,  however,  a  number  of  features  of  interest  on  its 
own  account,  and  presents  certain  problems  which  can  be  answered 
without  treating  the  more  detailed  statistics.  First  in  importance  is 
to  learn  definitely  what  the  characteristics  of  variation  in  egg  produc- 
tion in  the  individual  are.  To  what  kind  of  variation  curves  do 
statistics  of  ovulation  lead?  What  are  the  biometrical  constants  of 
such  curves  ?  How  does  variation  in  annual  egg  production  resemble 
or  differ  from  variation  in  other  characters,  and  in  particular  varia- 
tion in  fertility  and  fecundity?  How  are  the  variation  constants  for 
first-year  production  affected  by  environmental  influences  ?  In  what 
way  and  to  what  extent  has  annual  egg  production  been  influenced 
by  selective  breeding?  What  relation  exists  between  first-year  and 
second-year  production?  These  are  some  of  the  specific  problems 
which  will  be  considered  in  the  paper. 

MATERIAL. 

Before  undertaking  a  detailed  account  of  the  group  statistics  it 
will  be  well  to  make  some  statement  regarding  the  homogeneity — 
from  the  biological  standpoint — of  the  material  from  which  these 
records  have  been  obtained.  As  has  been  stated  in  publications  of 
the  Maine  Agricultural  Experiment  Station,  there  has  been  conducted 
at  this  station  during  the  last  nine  years  an  investigation  under  the 
direction  of  the  late  Prof.  Gilbert  M.  Go  well  on  the  subject  of  breed- 
ing hens  for  increased  egg  production.  The  statistical  material  with 
which  the  present  paper  has  to  do  comprises  the  egg  records  obtained 
in  the  course  of  this  breeding  investigation.  It  will  not  be  necessary 
to  state  here  in  detail  the  plan  of  this  breeding  work,  since  that  has 
already  been  thoroughly  done  in  Bulletin  90  of  the  Bureau  of  Animal 
Industry.  In  that  bulletin  (pp.  7-15)  is  given  a  detailed  account  of 
the  methods  used  in  this  breeding  work  up  to  the  year  1906.  A  gen- 
eral statement  regarding  this  work  will  suffice  for  our  present  purpose. 

"The  term  "first-year  egg  production"  will  be  used  throughout  as  a  convenient 
verbal  contraction  in  the  place  of  "the  number  of  eggs  produced  by  pullets  in  the 
year  beginning  the  first  day  of  the  November  following  their  hatching  and  ending  a 
year  from  that  date." 
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At  the  beginning  of  the  experiment  in  1898  three  breeds  of  hens  were 
used:  (1)  A  strain  of  Barred  Plymouth  Rocks  which  had  been  bred 
by  Professor  Gowell  for  a  period  of  some  twenty-five  years;  (2)  a 
strain  of  White  Wyandottes  which  had  been  bred  at  the  station  for 
some  years;  and  (3)  a  strain  of  Light  Brahmas  which  similarly  had 
been  bred  for  some  time  at  the  station. 

All  the  birds  in  hand  at  the  beginning  of  the  breeding  experiment 
in  1898  were  purebred  in  the  ordinary  sense  and  had  for  some  years 
been  bred  by  the  same  person — Professor  Gowell.  This  insures  that 
in  regard  to  racial  purity  they  form  material  which  is,  from  a  bio- 
logical standpoint,  very  homogeneous.  This  is  particularly  true  of 
the  Barred  Plymouth  Rocks,  which  furnish  the  bulk  of  the  statis- 
tical material  with  which  the  present  investigation  has  to  do.  After 
October,  1902,  no  variety  other  than  the  Barred  Plymouth  Rock 
was  used  in  the  egg-production  work.  The  White  Wyandottes  were 
used  from  1898  to  1902,  and  egg  records  for  them  between  these 
dates  are  available  for  study.  On  account  of  the  small  number  of 
Light  Brahmas  available,  together  with  the  fact  that  they  were 
dropped  early  in  the  course  of  the  breeding  experiment,  they  have 
not  been  included  in  the  present  investigation. 

In  breeding  the  birds  from  1898  down  to  the  present  time  the 
practice  as  stated  in  the  published  reports  of  the  work  has  been  to 
use  each  year,  as  mothers  of  the  stock  produced  in  that  year,  only 
hens  which  have,  between  November  1  of  the  year  in  which  they 
were  hatched  and  November  1  of  the  next  following  year,  laid  160 
or  more  eggs.  The  fathers  of  all  stock  raised  since  the  breeding 
season  of  1900  have  been  the  sons  of  mothers  whose  production  in 
their  first  laying  year  was  200  eggs  or  over.  It  will  be  seen  again 
that  this  breeding  practice  has  been  such  as  to  lead  to  great  homo- 
geneity of  the  statistical  material  from  a  biological  standpoint.  It 
is  stated,  however,  that  except  in  the  first  years  of  the  breeding  there 
has  been  no  "close"  inbreeding.  No  birds  as  closely  related  as  first 
cousins  are  said  to  have  been  bred  together  since  the  first  year  of  the 
breeding  experiment. 

The  nature  of  the  statistical  records  with  which  the  present  paper 
deals  is  briefly  as  follows:  The  first  laying  year  of  a  hen  has  been 
arbitrarily  taken  to  be  from  November  1  of  the  year  in  which  she  is 
hatched  to  November  1  of  the  following  year.  The  "first  year's  egg 
record"  of  a  hen,  then,  consists  of  the  trap-nest  record  of  the  total 
number  of  eggs  produced  by  that  hen  within  such  a  year.  Such 
"first-year"  records  constitute  the  basic  material  for  Part  I  of  this 
study. 

Some  important  questions  suggest  themselves  here.  Has  the 
"first-year"  egg  production  any  particular  biological  significance  as 
compared  with  the  egg  production  in  any  other  (shorter  or  longer) 
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period  in  the  life  of  the  bird?  To  what  extent  is  there  justification 
for  taking  first-year  production  as  a  measure  of  what  might  be  called 
the  total  ability  of  a  bird  to  produce  eggs?  In  other  words,  why  is 
annual  egg  production  taken  as  the  unit  of  the  study  of  variation  in 
this  character  ?  The  answer  to  the  last  question  is  simplest :  We  are 
using  annual  production  because  it  is  the  longest  time  unit  for  variation 
in  egg  production  for  which  we  have  any  extensive  data  available. 
A  larger  unit  might,  on  some  grounds,  be  desirable,  but  in  such  case 
as  this  the  biometrician  can  only  take  the  data  as  he  finds  them. 
It  is  obvious  that  the  egg  production  in  the  first  year  can  not  be 
taken  as  a  precise  measure  of  the  total  number  of  eggs  which  hens 
would  produce  if  allowed  to  live  until  natural  death  occurred. 
Whether  it  is  a  good  measure  or  not  depends  on  the  degree  to  which 
first-year  production  is  correlated  with  this  unknown  total  possible 
production.  No  data  exist  from  which  this  correlation  can  be  pre- 
cisely determined,  but  there  are  reasons  to  believe  that  if  it  could  be 
evaluated  it  would  be  found  to  have  a  fairly  high  value.  The  chief 
of  these  reasons  lies  in  the  fact  that  in  the  domesticated  fowl  the 
average  egg  production  of  the  first  year  is  never  equaled  in  any  sub- 
sequent year,  though  with  individual  birds  this  relation  may  be 
changed.  Thus,  it  is  shown  on  page  65  that  the  mean  production 
of  66  birds  in  their  second  laying  year  was  but  61.7  per  cent  of  that 
in  their  first  year.  That  the  average  production  falls  off  further  in 
the  third  and  subsequent  years  is  known  to  be  a  fact.  In  other 
words,  the  first-year  production,  on  the  average,  makes  up  a  very 
considerably  larger  part  of  the  unknown  total  production  than  does 
that  of  any  other  equal  period  of  time.  Hence  we  should  expect  it 
to  be  most  highly  correlated  with  that  total. 

The  general  conclusion  which  we  have  reached  after  careful  con- 
sideration of  the  matter  is  that  first-year  production  is  to  be  regarded 
from  the  theoretical  standpoint  as  a  good  measure  of  total  possible 
production.  It  is  a  sufficiently  large  unit  to  include  the  influence  of 
seasonal  climatic  changes,  as  well  as  those  influences  dependent  on 
cyclical  organic  changes,  such  as,  for  example,  original  mating  sea- 
son, time  of  molting,  and  the  like.  From  the  practical  standpoint 
first-year  production  is,  for  obvious  reasons,  in  some  respects  the 
best  unit  which  could  be  taken.  It  is  highly  desirable,  however, 
that  definite  trap-nest  records  be  obtained  in  considerable  numbers 
for  the  egg  production  of  the  same  birds  during  their  entire  lifetime 
or  at  least  until  they  cease  entirely  to  produce  eggs.  It  is  hoped 
that  in  time  it  will  be  possible  to  accumulate  such  records  at  the 
Maine  station. 

Another  point  to  be  noted  is  that  the  use  of  the  term  "first-year 
egg  production"  for  the  November-to-November  laying  is,  in  a 
sense,  entirely  arbitrary.    Pullets  very  often  begin  to  lay  before 
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November  1  of  the  year  in  which  they  are  hatched.  Again,  many 
pullets  do  not  begin  to  lay  until  in  December  or  later.  They  will 
not  have  laid  a  full  year  at  the  end  of  the  following  October.  It  is 
manifestly  impossible  to  deal  on  any  extensive  scale  with  the  actual 
first  twelve  months'  egg  production  of  each  individual  hen.  One 
feasible  procedure  is  to  do  as  was  done  in  this  breeding  investigation, 
namely,  to  take  a  calendar  year  as  the  unit  of  record,  and  choose 
the  beginning  of  the  year  at  a  point  which  about  averages  the  vary- 
ing times  of  beginning  egg  production  in  the  different  individuals  of 
the  flock. 

In  extracting  the  egg  records  from  the  original  record  books  certain 
complications  arise  which,  for  the  sake  of  uniformity  in  the  statistical 
treatment,  we  have  had  to  decide  in  an  arbitrary  fashion.  In  the 
first  place,  it  will  always  happen,  of  course,  that  death  will  prevent 
the  completion  of  the  "first  laying  year"  by  some  of  the  birds  which 
begin  it.  What  shall  be  done  with  such  records  made  incomplete  by 
death  ?  After  careful  study  of  the  point  it  has  been  decided  to  omit 
entirely  from  our  statistical  treatment  all  records  known  to  have 
been  made  incomplete  by  death.  This  is  clearly  the  most  logical 
method  of  dealing  with  such  incomplete  records  which  can  consist- 
ently be  applied.  The  same  treatment  has  been  given  to  the  incom- 
plete records  of  birds  which  were  stolen  during  their  first  year.  In 
the  earlier  years  of  the  work  it  several  times  happened  that  birds 
were  stolen  after  having  completed  only  a  part  of  the  first  year's 
record.  All  the  records  for  stolen  birds  have  been  excluded  from 
our  statistics. 

Another  difficulty,  and  one  in  a  sense  more  serious  than  either  of 
those  just  mentioned,  arises  from  the  fact  that  hens  do  not  invariably 
lay  in  the  trap  nests.  It  occasionally  happens  that  birds  will  lay  on 
the  floor  of  the  pen.  Of  course  it  then  becomes  impossible  to  con- 
nect the  egg  with  the  bird  which  laid  it.  When  the  study  of  these 
records  was  first  undertaken  it  was  for  a  time  thought  that  this  dif- 
ficulty was  a  very  serious  one,  and  one  which  could  not  properly  be 
allowed  for  in  treating  the  data.  Further  study  of  the  matter,  how- 
ever, led  to  the  conclusion  that  this  was  not  the  case.  In  order 
that  any  conclusion  regarding  individual  variation  in  egg  produc- 
tion, or  regarding  the  comparative  production  of  flocks  in  different 
years  or  under  different  housing  conditions,  should  be  affected  by  the 
existence  of  unrecorded  eggs  laid  on  the  floor,  two  conditions  are 
necessary:  (1)  That  the  tendency  to  lay  on  the  floor  be  not  dis- 
tributed at  random  (in  the  technical  sense)  among  all  the  birds,  and 
(2)  that  the  total  absolute  amount  of  "floor"  egg  production  should 
vary  widely  from  year  to  year  and  in  different  pens.  Are  these  con- 
ditions realized,  as  a  matter  of  fact?  We  may  discuss  the  two 
separately. 
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If  it  were  a  regular,  constant,  and  undetected  habit  of  some  par- 
ticular birds  to  lay  outside  the  trap  nests,  and  such  birds  formed 
a  considerable  portion  of  the  flock,  we  could  obviously  draw  no  con- 
clusions from  trap-nest  records.  Such,  however,  appears  not  to  be 
the  case.  Those  who  have  had  the  birds  in  charge  inform  us  that 
it  has  always  been  possible  without  any  great  difficulty  to  learn 
when  a  particular  hen  was  beginning  to  form  the  habit  of  laying  on 
the  floor.  Such  hens  when  detected  were  trained,  usually  with  com- 
parative ease,  to  lay  in  the  nests.  A  hen  was  never  allowed  to 
continue  the  floor-laying  habit.  All  the  available  evidence  and  our 
own  observations  have  convinced  us  that,  could  we  know  the  birds 
that  lay  eggs  outside  the  nests  we  should  find  them  to  be  a  random 
sample  of  the  flock.  That  is  to  say,  any  bird  is  as  likely  as  any  other 
to  lay  an  egg  on  the  floor  instead  of  in  a  trap  nest.  This  being  the 
case,  the  fact  that  there  are  eggs  produced  outside  the  nests  will 
obviously  not  affect  any  conclusions  respecting  individual  variation  in 
egg  production,  if,  as  is  the  case,  we  deal  with  relatively  large  numbers 
of  individuals. 

Has  the  total  number  of  eggs  laid  outside  nests  varied  widely  at 
different  times  during  the  period  covered  by  the  investigation,  or  has 
it  been  relatively  constant  ?  All  the  evidence  that  we  have  indicates 
that  it  has  been  relatively  constant.  Unfortunately,  there  exist  no 
precise  data  on  this  point  except  for  a  single  year  (1904-5)  out  of  the 
whole  period  covered  by  the  statistics.  We  are  informed  by  Mr. 
Walter  Anderson,  who  has  had  immediate  charge  of  the  trap-nest 
records,  that  (a)  the  absolute  amount  of  "floor"  egg  production 
has  always  been  small,  and  (b)  that  in  relation  to  the  total  num- 
ber of  eggs  produced  at  any  time  the  number  laid  on  the  floor  has 
always  been  proportionately  about  the  same.  This  means  that  fig- 
ures for  egg  production  based  on  the  trap-nest  records  are  abso- 
lutely a  little  too  small  in  every  case,  but  relatively  are  unaffected. 
It  is  relative  figures  with  which  we  are  chiefly  concerned.  It  will 
obviously  make  no  difference  in  our  conclusions  as  to  the  comparative 
egg  production  of  two  years,  say,  if  before  making  the  comparison  we 
add  2  per  cent  to  the  egg  record  for  each  year  to  cover  the  eggs  laid  on 
the  floor. 

The  general  conclusion,  then,  is  that  so  far  as  the  objects  of  the 
present  investigation  are  concerned  the  unrecorded  "floor"  egg 
production  is  of  no  practical  consequence.  In  the  future  poultry 
work  of  the  Maine  station  an  exact  record  will  be  kept  of  the  eggs 
laid  outside  the  nests. 

It  has  further  been  decided  to  exclude  from  the  statistical  analysis 
the  very  few  birds  which,  in  the  course  of  the  trap-nesting  experience 
of  the  station,  have  apparently  laid  no  eggs  at  all  in  their  first  year. 
The  number  of  such  birds  is  so  small  (probably  not  10  in  the  whole 


16  STUDY  OV  EGG  PRODUCTION  IN   THE  DOMESTIC  FOWL. 

experience  of  the  station)  that  it  makes  no  significant  difference  in  the 
statistical  constants  whether  they  are  included  or  not.  The  specific 
reason  for  excluding  such  birds  lies  in  an  clement  of  uncertainty  in 
respect  to  the  early  records  regarding  them.  That  is,  it  is  not  pos- 
sible now  to  be  certain,  in  each  of  the  cases  where  a  bird  has  no 
record,  whether  the  absence  of  record  is  due  to  the  fact  that  she 
laid  no  eggs  or  to  some  other  cause. 

With  this  account  of  the  general  features  of  the  statistics  in  hand, 
we  may  pass  to  the  consideration  of  the  records  for  particular  years. 
We  have  decided  to  begin  our  discussion  of  the  records  wit  h  the  data 
for  the  laying  year  1899-1900;  that  is,  with  the  records  for  birds 
hatched  in  April  and  May  of  the  year  1899.  The  raw  statistical  data 
for  this  year  have  already  been  published."  They  include  records 
for  the  complete  year  (November  1,  1899,  to  November  1.  1900)  for 
70  Barred  Plymouth  Rocks  ami  for  the  same  number  of  White 
Wyandottes.  An  account  of  the  housing  and  treatment  of  the  birds 
for  this  year  is  given  in  the  bulletin  just  referred  to  (pp.  31  and  32). 
So  far  as  appears  from  the  records,  this  laying  year  was  in  all  respects 
a  normal  one.  No  serious  accident  or  change  of  methods  and  manage- 
ment interfered  in  any  way  with  the  normal  course  of  egg  production. 

The  records  for  the  laying  year  1900-1901,  that  is,  for  birds  hatched 
in  April  and  May,  1900,  have  also  been  published. b  Complete 
records  for  this  laying  year  are  available  for  85  Barred  Plymouth 
Rocks  and  72  White  Wyandottes.  So  far  as  may  be  judged  from  the 
records  themselves  and  from  the  statements  in  Bulletin  79  (pp.  36 
and  40)  this  may  be  considered  to  have  been  a  normal  laying  year. 

The  egg  records  for  the  laying  year  1901-2  have  been  published. c 
On  account  of  lack  of  space  relatively  few  pullets  were  carried  over 
that  winter.  Complete  records  are  available  for  but  48  Barred 
Plymouth  Rocks  and  33  White  Wyandottes.  The  Barred  Plymouth 
Rocks  of  that  year  were  the  first  pullets  sired  by  males  bred  from 
200-egg-producing  mothers  to  be  tested  in  the  trap  nests.  So  far  as 
we  know  this  was  a  normal  laying  year. 

The  records  for  the  years  1902-3  to  1906-7,  inclusive,  have  never 
been  published  and  were  extracted  by  the  authors  of  this  paper  from 
the  original  egg-record  books  in  the  archives  of  the  station.  In  the 
year  1902-3,  147  of  the  Barred  Plymouth  Rock  pullets  tested  in  the 
trap  nests  completed  first-year  records.  The  egg  production  during 
this  year  can  not  be  regarded  as  normal.  The  reason  for  tliis  has 
been  set  forth  by  Professor  Go  well d  as  follows : 

The  pullets  were  hatched  in  April  and  May,  and  thinking  to  have  them  mostly  in 
readiness  for  laying  early  in  November,  we  fed  them  rather  more  beef  scrap  than  usual 

"Maine  Agricultural  Experiment  Station  Bulletin  79,  pp.  33-30.  1902. 
&Loc.  cit.,  pp.  37-40. 

c  Maine  Agricultural  Experiment  Station  Bulletin  93,  pp.  72,  73.  1903. 
d  Maine  Agricultural  Experiment  Station  Bulletin  117,  p.  96.  1905. 
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during  the  growing  season,  while  they  were  out  on  the  range,  and  before  we  were  aware 
of  their  development  they  were  laying — in  August.  They  were  nearly  all  laying 
heavily  during  September,  October,  and  November.  They  were  splendid  birds,  but 
almost  every  one  of  them  molted  completely  in  December,  and  we  got  very  few  eggs 
from  them  for  more  than  two  months.  The  most  of  the  eggs  secured  from  them  were 
laid  after  the  middle  of  January.  Could  they  have  commenced  laying  in  October 
and  continued  for  a  year,  molting  would  probably  have  been  avoided  and  the  showing 
would  have  been  much  better. 

In  the  year  1903-4,  300  Barred  Plymouth  Rock  pullets  were  tested 
in  the  trap  nests.  Of  these  254  completed  the  first-year  record  and 
appear  in  the  statistics  of  the  present  paper.  The  egg  production  of 
this  year  again  can  not  be  regarded  as  normal,  for  a  reason  which  has 
been  discussed  by  Professor  Go  well  (loc.  cit.).  Owing  to  a  difficulty 
in  the  construction  of  a  new  house,  the  birds  were  not  moved  in  from 
the  range  so  as  to  begin  their  laying  until  December  6.  Hence  the 
records  for  1903-4  as  they  appear  in  the  statistics  of  the  present  paper 
are  really  eleven-month  records  instead  of  twelve-month  records. 
They  lack  the  potential  contribution  of  the  month  of  November,  1903, 
to  the  totals. 

At  the  beginning  of  the  laying  year  1904-5  an  experiment  on  the 
relation  of  the  amount  of  floor  space  per  bird  to  egg  production  was 
started.  In  carrying  out  this  experiment  the  birds  were  divided  into 
flocks  of  50,  100,  and  150  birds  each.  These  were  put  into  pens  with 
floor  space  such  that  in  the  pens  containing  50  and  100  birds  there  was 
4.8  square  feet  of  floor  space  per  bird  and  in  the  150-bird  pens  3.2 
square  feet  of  floor  space  per  bird.  There  were  six  50-bird  pens,  and 
of  the  300  birds  which  started  the  year  in  these  pens  283  made  com- 
plete records  and  appear  in  our  statistics.  There  was  one  100-bird 
pen,  and  92  of  these  birds  completed  the  year's  record  and  appear  in 
the  present  statistics.  There  was  one  150-bird  pen,  and  140  of  these 
birds  completed  the  year's  record  and  appear  in  the  statistics.  The 
records  for  this  year  are  to  be  regarded  as  normal. 

In  the  laying  year  of  1905-6  the  birds  tested  in  the  trap  nests  were 
again  divided  into  flocks  of  50,  100,  and  150  birds  each.  There  were 
four  of  the  50-bird  pens,  and  of  these  200  birds  178  made  complete 
records  for  the  whole  year  and  appear  in  the  statistics  of  the  present 
paper.  There  were  two  100-bird  pens,  and  182  of  these  birds  com- 
pleted the  year.  There  were  also  two  150-bird  pens,  and  275  out  of 
the  300  birds  completed  the  year.  The  laying  year  of  1905-6  was  in 
nearly  every  respect  a  normal  one.  The  only  extraordinary  factor 
which  came  in  to  interfere  with  the  egg  production  during  this  year 
was  a  short  period  of  sickness  among  the  birds  caused  by  the  too 
free  use  of  succulent  feed.  The  details  of  this  mishap  have  been 
stated  by  Professor  Gowell  a  and  need  not  be  repeated  here.  The 

"Maine  Agricultural  Experiment  Station  Bulletin  144,  p.  184.  1907. 
76208— Bull.  110,  pt  1—09  2 
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trouble  occurred  in  April,  1906,  and  its  effect  on  the  egg  yield  is' 
stated  to  have  been  as  follows:  "The  egg  yields  were  about  60  per 
cent  of  the  number  of  birds  just  before  the  trouble  began,  but  they 
were  reduced  to  less  than  10  per  cent,  and  it  was  about  twenty  days 
before  the  birds  regained  their  former  production."  This  factor 
reduces  the  egg  yields  for  the  months  of  April  and  May  of  this  year. 
The  precise  amount  of  this  reduction  would  appear  from  the  statistics 
not  to  be  so  great  as  is  implied  in  the  statement  quoted.  This  will 
be  more  fully  discussed  in  Part  II  of  this  study,  which  will  deal  par- 
ticularly with  monthly  egg  production. 

In  the  laying  year  1906-7  the  experiments  with  flocks  of  different 
sizes  were  continued.  We  have  records  for  this  year  of  four  50-bird 
pens,  two  100-bird  pens,  and  two  1 50-bird  pens.  Of  the  200  birds 
in  the  50-bird  pens  187  completed  the  year;  of  those  in  the  100-bird 
pens  185  completed  the  year;  and,  finally,  of  the  300  in  the  two 
1 50-bird  pens  281  have  complete  records  for  the  year.  In  the  early 
part  of  this  laying  year  (December)  a  serious  mishap  occurred 
which  considerably  lowered  the  egg  yields  for  this  and  the  succeeding 
month.    The  matter  is  thus  described  by  Professor  Gowell:0 

Last  December  the  roosts  and  walls  of  the  roosting  closets  in  all  of  the  rooms  but 
one  were  sprayed  with  two  different  brands  of  liquid  lice  killers  which  were  war- 
ranted by  their  makers  to  destroy  all  the  lice  on  fowl  by  the  fumes  penetrating  among 
the  feathers  to  the  skins  of  the  birds.  The  preparations  were  used  according  to  direc- 
tions. The  roosls  and  woodwork  near  them  were  sprayed  in  the  morning  and  left  to 
dry  until  the  birds  went  to  roost.  But  the  sprayed  paint  was  not  fully  dry  at  that 
time,  although  it  was  thinned  by  heating  before  applying  it.  The  curtains  of  the 
roosting  closets  were  shut  down  at  bedtime  as  usual  and  both  ventilators,  each  of 
which  are  3  feet  long  and  6  inches  wide,  were  left  wide  open.  Next  morning  it  was 
very  evident  from  the  appearance  of  the  birds  that  they  had  not  enjoyed  the  night. 
They  ate  but  little  food  during  that  and  the  succeeding  three  or  four  days  and  did 
not  have  their  usual  appetites  for  nine  or  ten  days.  The  700  birds  were  laying  over 
300  eggs  per  day  before  the  trouble,  but  they  laid  less  than  100  per  day  during  the 
following  week,  and  did  not  lay  as  many  as  before  until  twenty-four  days  had  elapsed. 

Many  of  them  molted  partially,  or  quite  fully,  and  these  did  not  lay  much  for  six 
or  seven  weeks.  It  is  not  thought  that  any  birds  died  from  the  accident.  Probably 
we  were  at  fault  in  using  the  stuff  in  winter  when  it  did  not  thoroughly  dry  out,  as 
it  might  have  done  in  a  long,  warm  summer  day.  One  pen  at  the  end  of  the  building 
was  not  sprayed,  but  the  air  in  that  room  was  loaded  with  the  odor  from  the  rest  of 
the  building,  which  easily  found  its  way  in  around  the  loosely  fitting  door.  The 
birds  in  thatroom  fell  off  in  their  egg  yields  for  several  days,  but  none  of  them  molted. 
Many  of  the  birds  in  the  sprayed  rooms  refused  to  go  to  roost  in  the  closets  again  for 
several  nights,  until  the  odor  had  largely  disappeared,  while  those  in  the  unsprayed 
room  went  into  their  bedroom  as  usual. 

The  precise  effect  of  this  disturbance  on  the  egg  yields  will  be  shown 
later  in  a  discussion  of  the  monthly  production. 


«  Loc.  cit.,  p.  185. 
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Another  point  which  should  be  noted  regarding  the  records  for 
1906-7  is  that  they  comprise  the  records  for  eleven  months  instead 
of  a  full  year.  The  records  were  discontinued  at  the  end  of  Sep- 
tember, 1907,  October  of  that  year  being  entirely  omitted. 

From  the  account  of  the  statistics  of  the  several  years  included  in 
this  investigation  it  is  evident  that  as  they  stand  the  data  for  any 
one  year  are  probably  not  strictly  comparable  with  those  for  any 
other  year.  Certainly  this  is  true  in  the  later  years  covered  by  the 
material.  The  statistics  for  each  year  must  be  treated  separately, 
and  whenever  comparisons  between  years  are  instituted  great  caution 
must  be  exercised  in  drawing  conclusions.  It  will  obviously  be 
necessary  in  some  cases  to  apply  corrective  factors  before  any  com- 
parisons whatever  can  be  made.  The  authors  are  aware  that  this 
fact  constitutes  the  principal  point  at  which  these  statistics  are  open 
to  criticism,  and  that  it  is  a  serious  defect.  It  should  be  remembered, 
however,  when  such  a  criticism  of  data  like  these  is  made,  that  the 
practical  difficulties  of  keeping  relatively  constant  the  environmental 
conditions  under  which  so  many  as  a  thousand  laying  hens  are  kept 
are  very  great.  Especially  is  this  true  when  the  time  unit  of  the 
experiments  is  twelve  months.  In  nearly  every  case  the  factors 
which  have  come  in  to  disturb  the  records  of  annual  egg  production, 
as  noted  above,  are  things  which  could  not  have  been  foreseen  and 
avoided.  They  were  accidents  in  the  strict  sense.  It  will  be  appar- 
ent in  the  later  portions  of  the  paper  that  in  spite  of  these  accidents 
in  the  several  years  the  constants  of  the  variation  curves  of  egg  pro- 
duction are  very  closely  similar  throughout  the  period  covered  by 
the  statistics.  In  other  words,  the  effect  of  these  accidents  has  been 
decidedly  more  on  the  centering  constants  like  the  mean  and  the 
mode  than  upon  the  constants  which  have  to  do  with  the  shape  of 
the  curve,  such  as,  for  example,  the  standard  deviation  and  the 
skewness.  On  the  whole,  we  believe  that  the  data  which  we  have, 
in  spite  of  their  shortcomings,  give  us  a  very  fair  picture  of  the  true 
state  of  affairs  relative  to  variation  in  annual  egg  production.  When 
we  come  to  the  detailed  monthly  and  daily  statistics,  which  will  be 
considered  in  the  parts  of  the  bulletin  following  the  present  one, 
these  factors,  which  to  a  certain  extent  vitiate  annual  statistics, 
will  be  very  much  less  serious,  because  in  every  case  the  accident  has 
been  confined  to  but  a  single  month  or  at  most  two  or  three  months. 

In  discussing  the  variation  in  egg  production  we  shall  consider  the 
statistics  for  the  Plymouth  Rocks  first  and  base  the  major  portion 
of  the  discussion  upon  them.  The  records  for  the  White  Wyan- 
dottes  will  be  taken  up  farther  on  in  a  separate  section  of  the  paper. 
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STATISTICAL  METHODS  USED. 

In  dealing  with  these  egg-record  statistics  obviously  the  first 
thing  to  be  done  is  to  get  the  data  in  the  form  of  frequency  distribu- 
tions. We  have  done  this  for  each  year's  records  of  each  set  of  pens 
(50,  100,  and  150  birds)  without  grouping  data  in  any  way.  These 
ungrouped  frequency  distributions,  which  form  the  basic  raw  material 
of  the  first  part  of  this  study,  are  given  in  detail  in  Appendix  I, 
Tables  I,  II,  and  III.  A  glance  at  these  distributions  will  indicate  at 
once  that  the  range  of  variation  in  egg  production  is  very  considerable. 
It  is  so  great,  in  fact,  as  to  make  analytical  treatment  necessary  if 
we  are  to  form  any  adequate  idea  of  variation  in  this  character. 

In  this  investigation  we  have  made  use  of  the  ordinary  methods 
of  biometrical  analysis.  Summary  accounts  of  these  methods  have 
been  given  by  Elderton,0  C.  B.  Davenport,6  and  E.  Davenport/  For 
more  detailed  accounts  the  reader  is  referred  to  the  memoirs  of 
Pearson  on  the  subject  which  have  appeared  in  (a)  the  Philosophical 
Transactions  of  the  Royal  Society  during  the  period  from  1895  to 
1905;  (b)  Biometrika;  and  (c)  the  Draper's  Company  Research 
Memoirs  of  the  Department  of  Applied  Mathematics  of  University 
College,  London.  In  view  of  the  existence  of  the  treatises  referred 
to  it  will  not  be  necessary  here  to  go  into  a  general  account  of  bio- 
metrical methods.  It  is,  however,  desirable  to  call  attention  to 
certain  specific  modes  of  treating  these  egg-production  statistics 
which  we  have  adopted. 

The  problem  of  grouping  the  material  may  be  first  considered. 
From  the  extent  of  the  range  it  is  obviously  necessary  that  some 
grouping  be  resorted  to  in  order  to  get  a  smooth  frequency  distri- 
bution covering  the  whole  range  of  variation  in  annual  egg  produc- 
tion (more  than  200  eggs).  If  the  data  were  not  grouped  it  would 
be  necessary  to  have  records  of  very  many  individuals,  probably 
hundreds  of  thousands.  With  the  smaller  numbers  which  practical 
considerations  make  the  only  possible  ones,  it  is  clearly  necessary 
that  the  data  be  grouped.  When  grouping  such  data  the  usual  rule 
followed  in  biometrical  work  is  to  make  as  many  classes  as  will  give 
a  fairly  smooth  distribution  without  too  many  classes  having  zero 
frequency.  Obviously  if  the  class  units  are  sufficiently  large  all 
frequency  distributions  will  be  reduced  to  very  much  the  same  form. 
Only  experience  can  decide  what  is  the  most  appropriate  value  to 
take  for  the  class  unit  in  any  specific  case.  After  studying  all  the 
data  on  variation  in  egg  production  we  have  come  to  the  conclu- 

» Elderton,  W.  P.  Frequency  Curves  and  Correlation.  London,  1907.  Pp.  xiii 
and  172. 

6  Davenport,  C.  B.  Statistical  Methods  with  Special  Reference  to  Biological 
Variation.    Second  edition.    New  York,  1904.    Pp.  viii  and  223. 

« Davenport,  E.    The  Principles  of  Breeding.    Boston,  1907.    Pp.  xiii  and  727. 
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sion  that  a  class  unit  of  15  eggs  is  probably  as  satisfactory  as  any 
which  could  be  taken.  In  adopting  this  unit  we  have  set  the  class 
limits  at  the  same  points  in  the  case  of  each  distribution;  that  is  to 
say,  the  first  class  includes  birds  laying  from  0  to  14  eggs  inclusive; 
the  next  class,  birds  laying  from  15  to  29  eggs  inclusive,  and  so  on. 
The  procedure  sometimes  followed  of  taking  different  limits  for  the 
class  unit  in  the  case  of  each  frequency  distribution,  and  subse- 
quently treating  these  distributions  as  if  they  were  in  every  way 
strictly  comparable,  is  obviously  not  a  logical  one. 

In  deducing  the  moments  from  the  grouped  material  we  have  in 
each  case  used  Sheppard's  corrections."  It  will  appear  further  on 
in  the  paper  that  the  problem  of  getting  satisfactory  theoretical 
curves  to  graduate  these  statistics  of  egg  production  is  an  extremely 
difficult  one.  It  occurred  to  us  that  possibly  better  success  in  the 
graduation  of  the  curves  might  be  had  by  using  raw  instead  of  cor- 
rected moments.  Actual  trial,  however,  showed  that  somewhat 
worse  instead  of  better  results  were  obtained  when  the  raw  moments 
were  used.  On  the  whole,  this  is  what  is  to  be  expected  on  theo- 
retical grounds,  as  will  be  apparent  when  the  grouped  frequency 
distributions  are  examined.  Our  material  is  grouped  in  rather  large 
units,  and  at  the  same  time  we  have  apparently  fairly  close  approxi- 
mation to  high  contact  at  both  ends  of  the  range.  These  conditions, 
of  course,  indicate  that  Sheppard's  corrections  are  demanded. 

In  deducing  constants  from  the  ungrouped  material  we  have  cal- 
culated the  mean  and  the  median  by  ordinary  arithmetical  methods. 
In  calculating  standard  deviations  in  these  cases  we  have  used  the 
method  of  moments  rather  than  the  method  of  calculating  from  the 
S(x%) 

formula  a%  —  ,  where  x  denotes  deviation  from  the  mean.  In 

n 

calculating  the  mode  in  the  case  of  the  ungrouped  frequency  distri- 
butions, use  has  been  made  of  the  approximate  relation: 

Mean  to  mode  =  3  X  (mean  to  median) , 
the  median  of  the  curve  lying  between  the  mean  and  the  mode. 
This  approximation  to  the  position  of  the  mode  was  first  worked 
out  empirically  by  Pearson  6  and  found  to  give  reasonably  close 
values  in  most  cases.  Recently  Charlierc  has  derived  this  rela- 
tion directly  in  his  treatment  of  a  certain  type  of  frequency  curve. 
He  shows  definitely  why  this  approximation  to  the  mode  must  give 
a  fairly  close  value  in  all  cases  where  the  frequency  curve  is  not  too 
widely  divergent  from  the  normal  curve  of  errors.    In  order  to 

a  Sheppard,  W.  P.    Biometrika,  Vol.  V,  pp.  450-459.  1907. 
b  Of.  Pearson,  K.    Biometrika,  Vol.  I,  pp.  260,  261.  1902. 

«Charlier,  C.  V.  L.  Researches  into  the  Theory  of  Probability.  Meddelanden 
fran  Lunds  Astronomiska  Observatorium,  Serie  II,  No.  4,  Kongl.  Fysiografiska 
Sallskapets  Handlingar,  Bd.  16,  pp.  1-51.    19  fig.  -  Lund,  1906. 
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determine  for  the  class  of  curves  with  which  we  are  here  dealing 
how  good  this  approximation  to  the  mode  is,  we  have  calculated 
for  six  curves,  (a)  the  true  value  of  the  mode  from  the  moments, 
by  the  usual  general  formula," 

<7=i  Vft      (A +3) 

and  (b)  the  approximate  value  of  the  mode  by  the  method  under 
discussion.    The  results  are  shown  in  the  following  table: 


Year  and  group. 


1903  

1904,  50-bird  pens. 

1905,  50-bird  pens. 
1905, 100-bird  pens 
1900,  50-bird  pens. 
1900, 150-bird  pens 


True  mode. 

Mode  by 
approxi- 
mate 
method. 

Differ- 
ence. 

139. 20 

143. 25 

-4.05 

149. 14 

148. 30 

-0.84 

149.  48 

149.88 

-0.40 

135.00 

133.00 

+2.00 

123.  21 

120.  44 

+  2.  77 

1«S.  73 

105.  89 

-2. 10 

When  it  is  remembered  that  the  probable  errors  of  the  centering 
constants  (mean  and  median)  are  in  these  curves  of  about  the  mag- 
nitude ±2,  it  is  apparent  that  the  approximation  gives  values  as 
close  to  the  true  mode-as  could  reasonably  be  expected. 

Having  determined  the  mode  in  the  manner  indicated,  in  the  case 
of  the  ungrouped  material,  the  distance  from  mean  to  mode  was  used 
to  find  the  skewness  by  the  following  relation: 

Distance  from  mean  to  mode 


Skewness  = 


Standard  deviation 


Respecting  the  probable  errors  of  the  various  constants  discussed, 
the  following  should  be  said.  The  probable  error  of  the  mean  was 
calculated  from  the  usual  formula, 

P.  E.mem,  =0.67449-?- 

using  Gibson's  tables.6  Theoretically,  in  the  case  of  the  grouped 
material,  where  Sheppard's  corrections  are  applied  to  the  moments, 
the  uncorrected  value  of  a  should  be  used  in  this  formula.0  But 
practically,  with  the  very  large  values  of  a  with  which  we  have  here 
to  do,  and  the  consequent  large  absolute  values  of  the  probable 
errors,  it  makes  no  difference,  to  the  number  of  decimal  places  tabu- 
lated in  the  probable  errors,  whether  the  corrected  or  uncorrected 

o Pearson,  K.  Philosophical  Transactions  of  the  Royal  Society,  vol.  198  a,  p.  277. 
1902. 

b  Gibson,  W.    Biometrika,  Vol.  IV,  pp.  385-393.  1906. 
e  Cf.  Sheppard,  W.  F.    Biometrika,  Vol.  V,  p.  455.  1907. 
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value  is  used.  We  have  consequently  used  the  corrected  values  to 
save  labor.  The  probable  error  of  the  median  is  given  by  Sheppard0 
as  follows: 

P.  £'.OT<,diOn  =  0.84535-p= 

For  the  sake  of  economy  in  calculation  we  have  made  use  of  the 
obviously  simpler  relation: 

P-  E- median  =  1  -25332  X  P.  E.mean 

In  the  case  of  the  probable  error  of  the  standard  deviation  it  has 
recently  been  pointed  out  by  the  writer*  that  caution  must  be  exer- 
cised in  using  the  formula  usually  given,  viz: 

P.  E.  o  =  0.67449^  (i) 

When  curves  deviate  much  from  the  normal  curve  of  errors  P.  E.  o 
by  this  formula  may  be  seriously  in  error.  Resort  should  be  had  in 
all  cases  of  importance  to  the  general  formula 

P.  E.  a  =  0.67449..  A"        /n  (ii) 

V    4,«2  / 

which  for  convenience  in  computation  may  be  written 

where  Xi  is  the  value  0.6744898/V71  tabled  by  Miss  Gibson  (loc.  cit.). 
In  the  present  investigation  we  have  made  it  a  rule  to  calculate  this 
probable  error  by  equation  (ii)  in  every  case  where  it  was  necessary 
for  some  other  reason  to  determine  the  value  of  p4.  In  all  other 
cases  equation  (i)  was  used.  In  the  tables  it  will  be  specifically 
indicated  which  formula  was  used  in  each  particular  case. 

The  usual  formula  for  the  probable  error  of  the  coefficient  of  varia- 
tion V, 


P.  E., 


was  used  throughout. 

In  the  case  of  the  skewness  the  question  of  the  proper  value  of  the 
probable  error  is  a  difficult  one.  It  has  been  shown  by  Pearson  and 
Filonc  that  the  probable  error  of  this  constant  has  a  different  value 

a  Sheppard,  W.  F.  Philosophical  Transactions  of  the  Royal  Society,  vol.  192  a, 
pp.  101-167.  1898. 

*>  Pearl,  R.,  Biometrika,  Vol.  VI,  pp.  112-117.  1908. 

c  Pearson,  K.,  and  Filon,  L.  N.  G.  Philosophical  Transactions  of  the  Royal  Society; 
vol.  191  a,  pp.  229-311.  1898. 
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for  each  different  type  of  frequency  curve.  A  maximum  limit,  how- 
ever, is  always  given  by  the  value  in  the  case  of  the  norma  l  curve,  i.  e., 

P.  ^.,,.=0.67449^/1- 

The  authors  cited  point  out  (loc.  cit.,  p.  271,  footnote)  that  a  very 
close  approximation  of  the  probable  error  of  the  skewness  generally 
is  given  by  the  relation 

This  formula  we  have  used  throughout,  first  putting  it  in  the  some- 
what simplified  form 

_  1.7320508^ 

'  '    -SA-        -i  :•!<*/•. n 

where  x%  is  the  function  tabled  by  Miss  Gibson  (loc.  cit.). 

All  the  computations  in  this  investigation  have  been  carried  out 
with  the  aid  of  a  large  Brunsviga  arithmometer  and  an  adding  ma- 
chine. All  possible  precautions  have  been  taken  to  exclude  arith- 
metical errors  in  the  work.  It  is  the  intention  to  publish  all  the  raw 
material  which  was  available  to  the  authors  (in  the  present  or  later 
parts)  of  this  paper,  so  that  it  will  be  possible  for  any  interested 
persons  to  check  up  the  computations. 

VARIATION  IN  EGG-  PRODUCTION  IN  BARRED  PLYMOUTH  ROCKS. 

Turning  now  to  the  discussion  of  the  results  of  the  work,  we  have 
first  the  grouped  frequency  distributions  for  variation  in  first-year 
egg  production  in  Barred  Plymouth  Rock  pullets  during  a  period  of 
eight  years  set  forth  in  Table  1.  In  this  table  are  given  both  the 
absolute  frequencies  and  the  frequencies  per  cent  for  each  year. 


Table  1. — Frequency  distributions  for  variation  in  first-year  egg  production,  Barred  Plymouth  Rocks. 


Year  and  group. 


Annual  egg  production. 


0-14.    15-29.   30-44.    45-59.  00-74. 


1899-  1900: 

Absolute  frequency  

Percen  tage  frequency  '  

1900-  1901:  ! 

Absolute  frequency  

Percentage  frequency  1  

1901-  1902: 

Absolute  frequency  

Percentage  frequency  

1902-  1903: 

Absolute  frequency  !  

Percentage  frequency  

1903-  1904: 

Absolute  frequency   7 

Percentage  frequency   2.76 

1904-  1905: 
50-bird  pens — 

Absolute  frequency   3 

Percentage  frequency   1. 06 

100-bird  pens- 
Absolute  frequency  

Percentage  frequency  

150-bird  pens- 
Absolute  frequency   7 

Percentage  frequency   5. 00 

1905-  1906: 
50-bird  pens — 

Absolute  frequency  ,  

Percentage  frequency  

100-bird  pens — 

Absolute  frequency  

Percentage  frequency. . . 
150-bird  pens — 

Absolute  frequency  

Percentage  frequency. . . 

1906-  1907: 
50-bird  pens- 
Absolute  frequency  

Percentage  frequency . . . 

100-bird  pens- 
Absolute  frequency  

Percentage  frequency. . . 

150-bird  pens- 
Absolute  frequency  

Percentage  frequency. . . 


1 

1. 18 


2 

1.36 


5 

1.97 


3 

1.06 


2 

2.17 


6 

4.29 


.55 


.36 


2 

1.07 


4 

2.16 


10 
3.56 


3 

1.65 


.36 


2 

1.07 


3 

4.29 


5 

1.  97 


14 

4.95 


4 

4.35 


3 

2.14 


.56 

3 

1.65 


2 

2.86 


4 

4.71 


5 

2.67 


10 
3.94 


1 

1.09 


6.43 


2 

1. 12 


3 

1.65 


I  10 


5 

2.67 


11 

5.95 


15 


2.  85  !    5.  34 


4 

5.71 


4 

4.71 


1 

2.08 


5 

3.40 


10 

3.94 


3 

3.26 


6 

4.29 


4 

2.25 


8 

4.40 


21 
7.  64 


7 

3.  78 


29 

10.32 


75-89.  190-104. 


4    ;  4 

5.71  1  5.71 


2.  35  '    7. 06 


1       i  2 
2.08  !  4.16 


5.44 


20 
7.87 


17 

11.56 


24 

9.  45 


15      i  16 
5.30  1  5.65 


|  10 
.70  10.87 


15  10 
10.71  7.14 


9      j  13 
5.06  I  7.30 


14      !  17 
7.69  9.34 


35 

12.73 


16 

8.56 


25 

13.51 


32 

11.39 


30 

16.04 


29 

15.68 


48 

17.08 


2 

2.86 


7 

8.24 


16.67 


18 

12.24 


11.  42 


39 

13.78 


11 

11.96 


18 

12.86 


25 

14.04 


26 

14.29 


46 

16.73 


25 

13.  51 


13.88 


120-134. 


10 

14.29 


7. 06 
4 


;.  32 


17 

11.56 


52 

20.47 


24 
8.-48 


5 

5.43 


24 

13.48 


25 

13.74 


40 

14.55 


30 

16.22 


12.81 


135-149. 1150-164. 


165-179.  180-194. 


11 

15.71 


15 

17. 65  : 


1 

2.08  ! 


26 

17.69 


37 

14.57 


40 

14. 13 


7 

7.61 


10 
7.14 


22 

12.36 


23 

12.64 


35 

12.73 


21 

11.23 


20 

10.81 


25 
8.90 


9 

12.86 


11 

22.92 


17 

11.56 


29 

11.42 


33 

11.66 


11 

11.96 


19 

13.57 


32 

17.98 


27 

14.84 


25 
9.09 


19 

10.16 


11 

5.95 


18 

6.40 


12 

17.14 


14  i 
16.47 


16.67 


18 

12.24 


6.29 


11 

11.96 


11 

7.: 


17 

9.55 


19 
6.91 


12 

6.42 


10 
5.41 


6 

2.14 


12 

14.12 


3 

6.25 


6. 12 

8 

3.15 


16 

5.65 


8 

8.70 


6 

4.29 


20 

11.24 


12 
6.59 


5 

2.70 


5 

1.78 


1 

1.43 


5 

10.42 


2 

1.36 


.79 

25 
8.83 

9 

9.78 
6 

4.29 
9 

5.06 
3 

1.65 
6 

2.18 


210-224.  225-239.  240-254. 


1 

1.43 


1 

1. 18 


3  I. 
0.25  |. 


6 

4.08 


2 

2.16 


2 

1.  43 


.36 


.71 


1 

1.43 


1. 18 


3 

1.06 


Total. 


1 

2.08 


70 
100.00 


85 

100.03 


48 

99.98 


CO 

a 

o 

O 

o 
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The  percentage  distributions  for  1903,  for  the  50-bird  pens  of 
1904,  the  50,  100,  and  150  bird  pens  of  1905,  and  the  50,  100,  and 
150  bird  pens  of  1906  are  shown  graphically  in  figures  1  to  8,  inclusive. 
Of  the  other  distributions  the  majority  involve  so  few  individuals 
relatively  that  they  give  rather  irregular  polygons.  On  this  account, 
and  since  the  general  form  in  all  is  very  similar  to  that  of  the 
polygons  which  are  shown  graphically,  it  will  not  be  necessary  to 
figure  them  separately. 

From  the  data  given  in  Table  1  and  the  diagrams  we  note  at 
once  the  following  general  characteristics  of  variation  in  egg  pro- 
duction : 

1.  The  distribution  of  variation  is  not  usually  symmetrical 
about  the  center  or  type  of  egg  production.  The  distributions 
nearly  all  show  some  degree  of  asymmetry  or  skewness.  Further, 
this  skewness  is  obviously  negative  in  all  cases — that  is,  the  dis- 
tributions tail  off  more  gradually  toward  the  side  of  low  egg  pro- 
duction. 

2.  The  range  of  variation  in  egg  production  is  very  considerable, 
even  in  a  stock  so  closely  selected  to  type  as  this  has  been.  The 
observed  range  extends  from  an  egg  production  of  zero  to  one  of 
nearly  250.  The  manner  in  which  this  great  range  is  covered  is 
perhaps  even  more  strikingly  shown  in  the  tables  of  Appendix  I 
than  in  Table  1 . 

3.  The  distributions  generally  have  more  than  one  observa- 
tional mode  or  peak.  This  fact,  however,  is  probably  not  to  be 
interpreted  as  meaning  that  the  normal  egg-production  variation 
curve  is  a  multimodal  one.  It  is  in  all  probability  merely  a  result 
of  random  sampling  with  respect  to  a  character  having  a  great 
range  of  variation,  when,  furthermore,  each  sample  contains  only  a 
relatively  small  number  of  individuals.  The  general  form  of  the 
frequency  distributions  would  indicate  that  the  variation  in  the 
character  is  of  the  usual  unimodal  skew  type.  This  point,  however, 
will  be  more  particularly  discussed  later  on  in  the  paper,  when  the 
evidence  from  the  analytical  constants  is  at  hand. 

4.  Not  only  is  the  range  of  variation  in  egg  production  great, 
but  also  the  absolute  amount  of  variation  in  the  character,  as  indi- 
cated by  the  "scatter"  of  the  distributions,  is  relatively  large. 
This  will  be  made  clearer  by  the  constants  of  variation,  to  the 
examination  of  which  we  may  next  turn. 

In  Table  2  are  given  the  values  of  the  chief  physical  constants 
of  the  frequency  distributions  of  Table  1,  together  with  their  prob- 
able errors.  The  methods  by  which  the  calculations  were  made 
have  been  described  in  the  previous  section.  Six  constants  are 
included  in  the  table.  A  brief  examination  of  their  meaning  may 
be  useful.    The  first  of  the  constants  tabled — the  mean  or  average 
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annual  egg  production — needs  no  explanation.  The  median  (the 
second  constant  tabled)  is  the  value  at  which  the  flocks  divide  into 
two  equal  parts  in  regard  to  egg  production.  Thus,  in  1902-3 
one-half  of  the  birds  laid  more  than  137.5  eggs  and  one-half  laid 
fewer  than  that  number.  The  mode  is  that  amount  of  annual  egg 
production  which  is  exhibited  by  the  largest  number  of  birds.  It 
is  the  "fashionable"  egg  production.  For  example,  in  1902-3 
more  hens  laid  139.53  eggs  in  the  year  than  laid  any  other  single 
number,  either  greater  or  less.  The  standard  deviation  is  a  measure 
of  absolute  variation;  in  the  present  instance  it  expresses  the  degree 
of  variation  in  annual  egg  production  in  terms  of  eggs.  It  is  a 
measure  of  the  "spread"  or  "scatter"  of  the  frequency  distribu- 
tion. The  coefficient  of  variation  is  a  relative  measure  of  variation. 
It  is  the  percentage  of  the  standard  deviation  in  the  mean.  The 
skewness  is  the  measure  of  the  degree  to  which  the  frequency  curve 
is  asymmetrical.  A  positive  skewness  means  that  the  curve  tails 
off  more  gradually  toward  large  values  than  toward  small  values  of 
the  character  under  discussion,  while  a  negative  skewness  means 
that,  as  in  the  present  cases,  the  curve  tails  off  more  gradually 
toward  the  small  values  of  the  character.  With  positive  skewness 
the  mean  is  greater  than  the  mode,  while  with  negative  skewness 
the  reverse  relation  holds. 

In  the  last  three  lines  of  Table  2  are  given  the  weighted  mean 
values  of  each  constant  for  the  years  1904-5,  1905-6,  and  1906-7, 
respectively.  In  each  of  these  years  we  have  data  for  flocks  of  50, 
100,  and  150  birds  each.  In  order  to  get  a  single  value  which  shall 
be  in  a  measure  representative  of  each  constant  for  each  of  these 
years  the  only  feasible  procedure  is  to  take  a  weighted  mean  of 
the  values  of  the  particular  constants  for  each  of  the  three  flocks. 
This  we  have  done.  We  have  weighted  the  several  flock  constants 
in  each  case  with  the  number  of  birds  they  involve,  as  shown  in 
Table  1.  A  single  example  worked  out  in  extenso  will  make  plain 
just  how  these  weighted  values  are  obtained : 

1905-6,  50-bird  pens:  Mean  140.31  X  178=  24,975.18 
1905-6,  100-bird  pens:  Mean  127.50  X  182  =  23,205.00 
1905-6,  150-bird  pens:  Mean  119.43  X  275  =  32,843.25 

Sums  =  635  and  81,023.43 

81,023.43-7-635=  127.60  =  "weighted  mean"  egg  production  in  year 
1905-6. 
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Table  2. — Constants  of  variation  in  annual  egg  production,  Barred  Plymouth  Rocks. 


T  ;  .  ^  , 

ijaying  year  anu 
group. 

Mean.o 

Median. 

Mode. 

Dtanuarci 
deviation. 

Coefficient 
of 

variation. 

Skewness. 

1899-1900  

136. 36±3. 55 

142. 00±4. 45 

153. 

29 

44. 03±2. 51 

32.29  +  2.02 

—  U.  3S4±U 

082 

1900-1901  

143.  44±3. 29 

146. 25±4. 12 

151. 

fiQ 

45. 02±2. 33 

31. 38±1.  78 

—  .  188i 

081 

1901-2  

155.58  +  3.79 

158.  50±4.  75 

164. 

33 

38.  94±2.  68 

25.  03±1.  83 

—  .  225i 

104 

1902-3  

136. 48±2. 19 

137. 50±2.  74 

139. 

54 

39.34±1.  55 

28.  82±1. 22 

—  .  078± 

0ti7 

1903-4  

117.87  +  1.75 

126.33  +2.20 

139. 

20 

c41.  43±1.31 

35. 14±1. 17 

-  .515± 

039 

1904-5: 

134. 60±  1.98 

139. 17±2.  49 

149. 

14 

c49.  49±1.29 

36. 77±1. 17 

-  .294  + 

044 

100-blra  pens  

133.61  +  3.47 

141. 00±4. 35 

155. 

78 

c49.  41±2.  46 

36. 98±2. 07 

-  .449± 

0B8 

150-bird  pens  

114.  54±3.  02 

117.00+3.79 

121. 

93 

c  53.  04  ±2. 38 

46.  31  ±2. 23 

-  .139± 

068 

1905-8: 

50-bird  pens  

140.31±1.81 

143.  50±2.  26 

149. 

48 

c35.  75+1. 11 

25.  48±0.  97 

-  .256± 

052 

100-bird  pens  

127.50±2.03 

129.33  +  2.54 

135. 

00 

c40.59il.49 

31.84±1.23 

-  .185± 

056 

150-bird  pens  

119.  43±1.  54 

M18.86±1.93 

120. 

07 

c37.88±1.01 

31.72±1.00 

-  .017± 

050 

1906-7: 

50-bird  _pens  

114. 16±1.74 

116.25+2.18 

123. 

21 

c35.22±1.29 

30.91±1. 18 

-  .  263± 

055 

100-bird  pens  

108.  53±  1.92 

6110.75+2.41 

109. 

55 

c38.71±l-31 

35.54±1.39 

-  .016± 

061 

150-bird  pens  

101.08*1.64 

102.50  +  2.06 

103. 

73 

c40.87±l.  16 

40.  43±1.  32 

-  .065± 

050 

1904-5,  weighted  mean 

128.  97 

133.47 

142. 

93 

50.44 

39.40 

280 

1905-6,  weighted  mean 

127.60 

128.  77 

132. 

59 

38.06 

30. 01 

132 

1906-7,  weighted  mean 

106.94 

108.77 

110. 

96 

38.64 

36.32 

108 

o  Beginning  with  the  year  1902-3,  the  means  (and  also  the  other  constants  except  the  medians)  are  calcu- 
lated from  the  grouped  frequency  distributions  of  Table  1,  instead  of  from  the  ungrouped  distributions 
given  in  the  appendix.  This  leads  to  slightly  different  values  than  are  obtained  if  one  calculates  directly 
from  the  ungrouped  material.  The  ditterences,  however,  are  always  very  small,  and  are  not  sensible  In 
comparison  with  the  probable  errors  of  the  constants.  In  passing  it  should  be  said  that  on  theoretical 
grounds  there  is  every  reason  to  suppose  that  the  means  from  the  grouped  figures  represent  more  nearly 
the  unknowable  true  means  than  do  those  from  the  ungrouped  material. 

6  The  failure  of  the  median  in  these  cases  to  fall  between  the  mean  and  the  mode  arises  from  the  fact  that 
the  skewness  of  these  curves  is  very  small.  Consequently  mean,  median,  and  mode  very  nearly  coincide. 
Each  is  subject  to  a  considerable  probable  error,  great  enough  indeed  so  that  twice  the  range  included 
within  the  probable  error  of  any  one  of  these  constants  Includes  the  other  two  within  its  limits. 

e  These  probable  errors  were  calculated  by  the  formula  involving  /<<.  (Cf.  p.  23,  supra. ) 

Attention  may  first  be  called  to  certain  general  points  brought  out 
by  the  constants  in  this  table,  and  then  turned  to  the  discussion  of 
specific  problems,  for  which  the  table  furnishes  data.  We  note  first 
that  the  mean  or  average  egg  production  ranges  in  amount  between 
about  100  eggs  (150-bird  pen,  1906-7)  and  156  eggs  (1901-2).  The 
median  and  the  mode  are  in  every  case  larger  than  the  mean,  indicat- 
ing, as  does  also  the  last  column  of  the  table,  that  all  these  egg-pro- 
duction variation  curves  are  negatively  skew.  The  amount  of  varia- 
tion in  annual  egg  production  is  large  both  absolutely  and  relatively. 
The  lowest  coefficient  of  variation  in  the  table  is  25.03  per  cent 
(1901-2).  Even  this  is  a  distinctly  large  coefficient,  when  compared 
with  what  has  been  found  for  various  characters  in  other  organisms 
than  the  domesticated  fowl.  The  values  of  the  constants  measuring 
variation  obtained  in  this  case  indicate  that  egg  production  is  to  be 
classed,  so  far  as  variation  is  concerned,  with  purely  physiological 
characters.  It  has  been  pointed  out  by  the  writer"  that  in  the  case 
of  man  characters  which  in  general  may  be  regarded  as  strictly 
physiological  (even  though  they  may  be,  as  in  the  present  case, 
measured  in  morphological  units)  vary  much  more  than  do  such 
morphological  characteristics  as  bone  measurements  and  the  like. 
This  point  has  recently  been  confirmed  by  Kellicott*  in  his  study 


a  Pearl,  R.    Biometrika,  Vol.  IV,  pp.  31-36.  1905. 

oKellicott,  W.  E.   Journal  of  Experimental  Zoology,  Vol.  IV,  pp.  576-614.  1907. 
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of  variation  in  the  toad.  We  hope  later  to  have  quantitative  data 
regarding  variation  in  other  characters  of  the  domestic  fowl,  so  that 
direct  comparison  of  various  characters  and  organs  in  respect  to 
variation  may  be  made. 

It  is  of  interest  to  compare  these  results  on  variation  in  egg  pro- 
duction with  the  results  of  other  workers  regarding  variation  in  fer- 
tility and  fecundity  in  other  organisms.  In  Table  3  we  have  col- 
lected the  existing  data,  from  which  such  comparisons  may  be  made. 
We  have  included  data  on  variation  in  number  of  seeds  produced  in 
a  plant,  this  being  obviously  a  measure  of  gross  fertility  in  such  a 
case. 

Table  3. — Constants  of  variation  in  fertility  and  fecundity  in  various  organisms. 

Subject.  Character.  0f rariatfon  :  Skewne5s-  :  Authority. 


Nelumbium  luteum  ■  Number  of  seeds   17.445 

Poland-China  swine                                Size  of  litter   27.411 

Duroc-Jersey  swine  do  !  25.997 

Horse                                                  Fecundity  c  ]  24.771 

Man  I  Number  of  children. . .  48.41 

Domestic  fowl  i  Annual  egg  production  /34. 21 


+0.0164  Pearl.o 
+  .0701  I  Surface.* 


+  .0539 
-  .1286 
+  .0802 
/-  .205 


Surface.* 
Pearson,  d 
Powys. « 
This  paper. 


"American  Naturalist,  Vol.  XL,  pp.  757-768.  1906. 

6  Reductions  of  data  given  by  Rommel  (Bureau  of  Animal  Industry  Circular  No.  95).  A  paper  giving  a 
detailed  account  of  these  reductions  is  now  in  press. 

c  Fecundity  in  this  case  means  the  fraction  which  the  actual  number  of  offspring  arising  from  a  given 
number  of  coverings  is  of  the  possible  number  of  offspring  under  the  circumstances. 

d  Biometrika,  Vol.  I,  pp.  289-292.  1902.  Actually  only  the  moments  of  this  fecundity  curve  are  given  at 
the  place  cited.   From  the  moments  we  have  calculated  the  coefficients  of  variation  and  the  skewness. 

'Biometrika,  Vol.  V.,  p.  251.  1905. 

/Weighted  mean  value  of  the  constant  for  the  whole  period  1899-1900  to  1906-7,  inclusive.  The  weight- 
ing is  in  proportion  to  the  number  of  birds  involved  in  each  year. 

Further  data  for  man  might  be  included  in  this  table,  but  that  is 
hardly  necessary,  as  the  example  given  of  a  human  fertility  curve  is 
based  on  very  extensive  data  and  may  be  regarded  as  typical.  It  is 
clear  from  the  table  that  these  egg-production  curves  are  in  no  way 
exceptional  in  regard  to  the  degree  of  variation  which  they  exhibit. 
It  appears  to  be  generally  the  case  that  fecundity,  fertility,  and  closely 
allied  characters  are  highly  variable.  There  would  seem  to  be  a 
tendency  for  the  coefficients  measuring  variation  in  these  characters 
to  be  above  a  value  of  20  per  cent.  In  general  it  may  be  said  that, 
so  far  as  indicated  by  the  present  data,  the  domestic  fowl  exhibits 
a  relative  degree  of  variation  in  annual  egg  production  distinctly 
less  than  that  shown  in  normal  human  stocks  in  respect  to  size 
of  family,  and  rather  greater  than  that  in  Thoroughbred  brood  mares 
in  respect  to  fecundity. 

In  Table  3  have  also  been  included  comparative  data  respecting 
the  skewness  of  variation  in  the  several  characters  enumerated.  It  is 
evident  at  once  that  there  is  even  less  uniformity  in  this  particular 
than  in  the  relative  amount  of  variation.  Even  the  sign  of  the 
skewness  is  not  the  same  in  all  cases.  In  general  the  degree  of  skew- 
ness is  small.  The  only  cases  in  which  the  direction  of  the  asym- 
metry of  the  distribution  is  negative  are  those  of  fecundity  in  brood 
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mares  and  egg  production  in  fowls.  Human  fertility  curves  all  agree 
in  showing  a  distinct  positive  skewness.  It  was  at  first  thought  that 
the  negative  skewness  of  the  egg-production  curves  might  owe  its 
origin  to  the  practice  which  has  been  followed  of  selection  for  high 
production.  It  seems  improbable,  though,  that  this  is  the  case,  be- 
cause, as  indicated  in  the  last  column  of  Table  2,  environmental 
conditions  appear  to  have  a  great  deal  to  do  with  the  shape  of  the 
curves  of  variation  in  egg  production. 

ANALYTICAL  DISCUSSION  OF  VARIATION  IN  EGG  PRODUCTION. 

Having  now  considered  the  general  facts  respecting  variation  in 
annual  egg  production,  we  may  next  turn  our  attention  to  the  more 
complete  mathematical  analysis  of  the  variation  curves,  using  the 
methods  of  Pearson."  We  have  carried  out  the  analysis  in  detail  and 
fitted  curves  to  the  following  distributions  given  in  Table  1:  1903-4; 
1904-5,  50-bird  pens;  1905-6,  50,  100,  and  150  bird  pens;  1906-7, 
50,  100,  and  150  bird  pens.  The  other  distributions  involve  so  few 
individuals  as  to  make  their  detailed  treatment  unprofitable.  The 
analytical  constants  are  exhibited  in  Table  4.  The  moments  are 
given  in  terms  of  the  unit  of  grouping,  which  in  each  case  is  equal  to 
15  eggs. 

Table  4. — Analytical  constants  of  variation  in  annual  egg  production. 


190;i-4. 

1904-5, 
50-bird 
pons. 

1905-6. 

1906-7. 

Constant. 

50-bird 
pens. 

100-bird 
pens. 

150-bird 
pens. 

50-bird 

pens. 

100-bird 

j>ens. 

150-bird 
pens. 

JV  

254 

283 

178 

182 

275 

187 

135 

281 

m  

7. 6269 

10.8868 

5.6818 

7. 32&3 

6.3761 

5.5117 

6.6601 

7.4221 

w  

14.6883 

13. 3924 

3.8863 

-    7. 0879 

-      .  4478 

-    6. 2369 

-    4. 5912 

-  3.0085 

tt*  

187.  6675 

318.7131 

81.2274 

168. 5017 

111.2316 

97.  7818 

126.  9814 

165.  2723 

ft  

.4860 

.1390 

.0823 

.1279 

.0008 

.2323 

.0714 

.0221 

(ft  

.6971 

.3728 

.2869 

.3577 

.0278 

.4820 

.2671 

.1488 

A  

3.  2262 

2.6890 

2. 5161 

3. 1419 

2.7360 

3. 2188 

2.8627 

3.0002 

&-3  

+ 

.2262 

— 

.3100 

.4839 

+     .  1419 

-  .2640 

+  .2188 

-     .  1373 

+  .0002 

«i  

1.0055 

1.  0389 

1.2149 

-  .0999 

-  .5303 

-      .  2594 

-  .4886 

-  .0660 

Skewness  

.5148 

_ 

.2937 

.2564 

-  .1848 

-  .0171 

-      . 2631 

-  .0160 

-  .0650 

21.33 

14.53 

9. 17 

7.50 

.65 

9.26 

.62 

2.66 

Standard  deviation, 

eggs  

41.43 

49.49 

35.  75 

40.  59 

37.89 

as.  22 

38.71 

40.87 

Mean  Eggs. . 

117.87 

134.60 

140. 31 

127.  50 

119.43 

113.  94 

108.  93 

101.08 

Mode..  do  

139. 20 

149. 14 

149.  48 

135.00 

120.07 

123. 21 

109.55 

103. 73 

Range  do  

331.82 

328.  21 

221.29 

1265.08 

344.88 

631.22 

599.  98 

+endofrange..do  

194.  41 

248.18 

208.55 

313.  77 

291.87 

226.11 

358.  93 

—end  of  range,  .do  

137.  41 

80.02 

12.74 

-951.31 

-  53.01 

-405.11 

-141.06 

yQ  per  cent  

13.47 

11.46 

15.32 

14  86 

14.49 

17.19 

15. 18 

"ii'&i" 

P.  E.  I'ftl)  

± 

.  1037 

± 

.0982 

± 

.1238 

±  .1224 

±  .0996 

±  .1208 

±     .  1214 

±  .0986 

P.  E.  ft  b  

± 

.2074 

± 

.1964 

± 

.2476 

±  .2448 

±  .1992 

±  .2416 

±  .2428 

±     .  1972 

P.  E.  skewness  b  

± 

.0518 

± 

.0491 

± 

.0619 

±  .0612 

±  .(K98 

±  .0604 

±  .0607 

±     .  0493 

"Mathematical  Contributions  to  the  Theory  of  Evolution.  II.— Skew  Variation  in  Homogeneous 
Material.  Philosophical  Transactions  of  the  Royal  Society,  vol.  186  A,  pp.  343-414.  1895.  Math. 
Contr.,  etc.   X.— Supplement  to  a  Memoir  on  Skew  Variation.    Ibid.,  vol.  197  A,  pp.  443-459.  1901. 

b  These  are  the  probable  errors  in  the  case  of  the  normal  curve,  and  are  introduced  to  show  the  degree 
to  which  the  present  curves  deviate  from  normality. 
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Examining  first  the  criterion  «1  =  2/?2  —  3^  —  6,  we  note  that  it  is 
in  every  case  negative.  This  indicates  that  unless  VA  =  0  within 
the  limits  imposed  by  its  probable  error  the  curves  demanded  are  of 
Pearson's  Type  I,  with  range  limited  in  both  directions,  and  skewness. 
From  the  value  of  V /?D  given  in  the  table,  we  conclude  that  the  first 
four  of  the  distributions,  and  also  that  for  the  50-bird  pens  in  1906-7, 
fulfill  the  conditions  for  a  Type  I  curve.  The  three  remaining  dis- 
tributions have  a  very  small  (practically  insignificant)  skewness. 
Consequently  approaches  zero  closely  in  its  value  in  these  cases, 
and  is  in  each  instance  not  significant  in  comparison  with  its  probable 
error.  Hence,  the  conclusion  is  that  a  symmetrical  curve  must  be 
used  to  graduate  these  three  distributions.  This  limits  the  choice 
to  Pearson's  Type  II,  a  symmetrical  curve  with  the  range  limited  at 
both  ends,  on  the  one  hand,  or  to  the  normal  or  Gaussian  curve  of 
errors,  symmetrical  but  of  unlimited  range,  on  the  other  hand.  The 
criteria  which  indicate  the  proper  choice  in  such  a  case  are,  first, 
that  if  k1  be  negative  (as  is  the  case  with  all  of  our  three  curves)  it 
indicates  a  Type  II  curve,  and  second,  that  if  /32  be  significantly  dif- 
ferent from  3,  again  a  Type  II  curve  is  indicated.  In  our  three  dis- 
tributions fl2  —  3  can  not  in  any  single  case  be  asserted  to  be  significant 
in  comparison  with  the  probable  error  of  /?2.  In  the  case  of  the 
1905-6  1 50-bird  pen  distribution  the  probability  is  that  ^  —  3  is  sig- 
nificant. There  is  little  doubt  that  in  this  case  we  shall  get  a  better 
graduation  with  a  Type  II  curve  than  with  a  normal  curve.  Ac- 
cordingly, such  a  curve  has  been  fitted  in  this  distribution.  In  the 
case  of  the  other  two  distributions  we  should  undoubtedly  get  sensibly 
as  good  graduations  with  either  Type  II  or  normal  curves.  We  have 
used  Type  II  in  the  case  of  the  100-bird  pen  curve  (1906-7)  and  the 
normal  curve  in  the  case  of  the  1 50-bird  pen  distribution  (1906-7). 

The  equations  to  the  eight  curves  follow. 

1903-  4: 

(j.  X.  6.989?  S  ^         X  1.3950 

1904-  5,  50-bird  pens: 

(x  X.  4.8640  y.         X.  2.0980 

1  + 1572774;  0-676032; 

1905-  6,  50-bird  pens: 

/■  x       X  3.3313/  x 

y  =  27.42  (J  +  g-j^ J  [1- 
1905-6,  100-bird  pens: 

(x  X10S.1468  S  x  X  16.8097 

1+72742097  \}-UM79) 


X  1.7496 
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1905-6,  150-bird  pens: 


y-  39.86  (l-  rgOsse)' 


1906-7,  50-bird  pens: 


y  =  32.14  (1+357I214) 


36.7812 


X 


7.1638 


6.8600 


1906-7,  100-bird  pens: 


1906-7,  150-bird  pens: 
y  =  41.15  e-0M74*s 

The  frequency  distributions  and  their  fitted  curves  are  shown 
graphically  in  figures  1  to  8,  inclusive.  In  drawing  these  variation 
curves  the  frequencies  have  all  been  reduced  to  percentages.  Hence, 
since  the  abscissal  units  are  taken  equal,  all  the  curves  have  equal 
areas,  and  any  given  ordinates  are  directly  comparable  in  the  different 
diagrams. 

It  is  clear  from  these  figures  that  the  curves  give  graduations  of 
the  data  which  are  on  the  whole  very  good.  They  are  quite  as  sat- 
isfactory as  could  reasonably  be  expected  with  such  relatively  small 
numbers  in  the  observational  series  and  the  consequent  irregularity 
of  the  polygons. 

From  Table  4  and  the  diagrams  we  note — 

1 .  That  the  skewness  or  asymmetry  of  the  variation  curves,  while 
in  all  but  three  cases  distinct  and  significant,  is  in  none  of  these  curves 
extreme.  Variation  in  egg  production  tends  to  approach  the  Gaussian 
type  of  distribution  rather  closely.  The  uniform  tendency  for  the 
skewness  in  these  curves  to  be  in  the  negative  direction  when  it  exists 
at  all  is  evident  from  the  diagrams. 

2.  There  is  no  uniform  tendency  for  these  ovulation  curves  to  be 
either  leptokurtic  or  platykurtic  (that  is,  more  or  less  peaked  than 
the  normal  curve  of  equal  standard  deviation).  In  four  out  of  the 
eight  curves  the  sign  of  /?,  —  3  is  positive,  in  the  remainder  negative. 
The  deviation  from  the  condition  of  mesokurtosis  is  in  no  case  great, 
however.  In  view  of  the  magnitude  of  the  probable  errors  of  f}%,  it 
is  impossible  to  assert  that  any  of  the  deviations  from  mesokurtosis 
are  certainly  significant.  In  the  case  of  the  1905-6  50-bird  pen  curve 
the  value  of  the  kurtosis  —  3  is  probably  significant.  In  all  the 
other  cases  the  probability  is  in  the  other  direction. 

3.  The  total  range  is  clearly  overestimated  in  all  but  one  case 
(1905-6,  50-bird  pen),  and  in  several  of  the  curves  this  exaggeration 
of  the  range  is  very  great.  A  total  range  of  328  or  332  or  345,  while 
rather  large,  is  not  absolutely  impossible  theoretically.  But  when 
we  come  to  a  range  of  1,265  eggs  for  the  individual  variation  in  egg 
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production  within  a  year,  it  is  clear  that  the  exaggeration  has  gone 
far  beyond  the  limits  of  what  we  must  regard  as  possible.    In  spite 
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Fig.  1.— Variation  in  annual  egg  production,  1903-4. 

of  the  great  overestimation  of  the  total  range  it  will  be  observed  that 
the  upper  (+)  end  of  the  range  in  every  case  has  a  value  which  is 
theoretically  possible.    While  the  production  of  over  300  eggs  in  a 
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Fig.  2.— Variation  in  annual  egg  production,  1904-5. 

year  by  an  individual  hen  has  never  been  recorded  so  far  as  we  are 
aware,  it  still  would  be  very  difficult  to  prove  that  such  an  event  is 
theoretically  impossible.    The  really  serious  difficulty  with  the  range, 
76208— Bull.  110,  pt  1—09  3 
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as  given  by  the  curves,  lies  in  the  location  of  the  lower  ( — )  range  end. 
In  only  one  of  the  eight  curves  (1905-6,  50-bird  pen)  does  the  lower 
range  end  have  a  value  which  is  physically  possible.    It  is  obvious 
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Fig.  ;i. — Variation  in  annual  egg  production,  1905-0,  ,50-bird  pens. 

that  no  hen  is  capable  of  laying  fewer  than  no  eggs  at  all  in  a 
year,  yet,  with  the  single  exception  noted,  the  lower  range  end  has 
a  negative  value  in  every  case. 
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Fig.  4.— Variation  in  annual  egg  production,  1905-6, 100-bird  pons. 

The  nearly  uniform  failure  of  the  fitted  curves  to  give  reasonable 
estimations  of  the  range  limits  of  variation  in  egg  production  is 
remarkable.    Anyone  who  has  had  any  large  experience  with  Pear- 
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son's  limited  range  curves  knows  that  they  almost  never  lead  to 
impossible  estimations  of  the  range  ends.  We  have  given  the  matter 
very  careful  study  in  the  present  case,  and  while  we  are  able  easily  to 
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Fig.  fl.— Variation  in  annual  egg  production,  1905-6,  ISO-bird  pons. 

understand  and  explain  the  results  we  get  with  these  curves,  we  have 
not  been  able  to  modify  them  in  any  way  so  as  to  get  a  better  repre- 
sentation of  the  actual  range  by  the  theoretical.    It  occurred  to  us 
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Fig.  0.— Variation  in  annual  egg  production,  1906-7,  50-bird  pons. 

that  possibly  by  using  the  unmodified  moments  in  the  place  of  those 
corrected  by  Sheppard's  formulae  we  might  get  a  better  estimation  of 
the  range.    Trial,  however,  proved  this  not  to  be  the  case.    In  these 
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particular  curves  it  made  no  substantial  difference  in  the  range  if 
Sheppard's  corrections  were  or  were  not  used.  It  is  obvious  from 
the  diagrams  that  the  general  ''fit"  of  all  these  curves  is  excellent. 
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Iii  fact,  it  would  be  difficult  to  get  any  better  graduations  than  those 
given  by  the  present  curves.  Curves  of  Type  I  and  Type  II  are  the 
only  limited  range?  curves  which  can  possibly  be  used  on  these  fro- 
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Fig.  x. — Variation  in  annual  ogg  production.  1900-7,  150-bird  pons. 

quency  distributions,  and  it  is  obvious  from  Table  4  that  one  of  these 
types  is  not  superior  to  the  other  in  the  matter  of  the  estimation  of 
the  range.    Hence  we  can  not  get  over  our  difficulty  by  using  some 
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other  types  of  curve  than  those  which  actually  have  been  used.  A 
remarkable  thing  is  that  in  every  one  of  the  egg-production  distribu- 
tions the  value  of  the  criterion  /q  is  such  as  to  indicate  that  the  dis- 
tribution deviates  from  normality  in  the  direction  of  a  limited 
range  curve  (either  Type  I  or  II).  In  so  far  mathematical  theory 
and  biological  fact  agree  excellently,  because  annual  egg  production 
is  a  thing  which  can  only  vary  within  certain  limits.  The  remark- 
able thing  is  that  while  the  data  demand  a  limited  range  curve  they 
lead  to  impossible  values  of  the  range. 

Consideration  of  the  matter  leads  to  the  conclusion  that  the  chief 
reasons  for  the  great  overestimation  of  the  range  by  these  curves  are: 
(a)  That  in  the  majority  of  cases  the  curves  approach  very  close  to 
the  normal  type.  The  range  of  the  normal  curve  is  from  —  oo  to  +<x . 
As  the  limited  range  curve  approaches  the  normal  its  range  tends 
very  rapidly  to  increase.  (6)  That  the  distributions  are  in  every  case- 
rather  irregular,  owing  to  the  relatively  small  number  of  individuals 
included  in  each.  It  will  be  observed  that  in  each  of  the  worst  cases 
of  extension  of  the  range  into  the  negative  there  is  a  group  of  hens 
laying  very  few  eggs  in  the  year  ami  producing  a  pronounced  hump 
in  the  curve  near  its  lower  end.  Now  the  theoretical  curve  attempts 
to  make  allowance  for  this  irregularity,  but  only  does  so  at  the  expense 
of  sending  a  long  tail  oil'  into  the  negative.  With  a  larger  number  of 
observations  there  is  no  doubt  that  much  of  the  irregularity  would 
disappear  from  the  observational  polygons,  and  witli  it  would  go  that 
which  in  considerable  measure  causes  the  great  overestimation  of  the 
range  by  the  present  curves. 

The  points  just  mentioned  should  be  given  due  weight  before 
criticism  is  made  of  the  theoretical  curves  used  because  of  their 
failure  to  give  good  estimation  of  the  range.  In  addition  the  follow- 
ing facts  should  not  be  forgotten  in  the  same  connection.  First,  that 
the  total  frequency  given  by  the  theoretical  curves  beyond  the 
observed  range  is  in  every  case  so  small  as  to  be  practically  negligible ; 
and  second,  that  the  range  is  subject  to  a  probable  error,  both  in 
respect  to  its  extent  and  its  position.  In  the  case  of  the  present 
distributions  both  these  probable  errors  must  be  very  large  for  two 
reasons — one,  that  the  curves  approach  closely  the  normal  type;  the 
other,  that  the  number  of  individuals  is  statistically  small. 

There  is  some  reason  to  believe  that  characters  like  fertility  and 
fecundity  as  a  rule  lead  to  theoretical  curves  with  considerable  over- 
estimation  of  the  range  on  the  negative  side.  This  is  certainly  the 
case  with  our  present  data.  It  is  true  to  an  even  more  marked  degree 
in  Powys's  a  curves  of  fertility  in  human  stock.  Examination  of 
the  data  and  diagrams  which  this  author  gives  shows  that  in  spite  of 
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the  large  numbers  of  individuals  included  in  his  statistics  and  the  con- 
sequent smoothness  of  the  polygons  the  theoretical  curves  cross  the 
zero  line  (no  children  in  the  family)  with  a  frequency  which  is  sensible 
in  every  case,  and  which  in  some  cases  is  relatively  much  greater  than 
anything  we  have  found  in  the  egg  curves. 

The  general  conclusion  we  reach  is  that  the  failure  of  the  theoretical 
curves  to  give  good  estimations  of  the  observed  range  is  to  be  regarded 
as  the  result  of  peculiarities  of  the  observational  data  rather  than  an 
inherent  fault  of  the  curves. 

(4)  It  is  of  interest  to  note  that  in  these  curves  the  height  of  the 
modal  ordinate  y0  when  expressed  as  a  percentage  of  the  total  fre- 
quency, is  very  nearly  constant  in  all  cases.  Davenport a  has  recently 
called  attention  to  the  significance  of  the  modal  frequency  as  a  varia- 
tion constant. 

CHANGES  IN  EGG  PRODUCTION  BETWEEN  1899  AND  1907. 

In  attempting  to  reach  a  definite  conclusion  regarding  the  obviously 
important  matter  of  what  has  been  the  character  and  amount  of 
change  in  the  annual  egg  production  during  the  period  covered  by 
our  statistics,  we  are  met  at  once  by  the  difficulty  noted  earlier  in 
this  paper  (p.  19).  The  data  are  not  strictly  comparable  from  yea,r 
to  year.  Improvements  were  made  in  feeding,  housing,  and  handling 
the  birds  during  the  period  covered  by  the  investigation.  Proper 
allowance  can  not  be  made  for  the  influence  of  these  factors.  Further, 
various  accidents  lowered  the  egg  production  in  particular  years. 
The  only  feasible  way  of  getting  some  definite  idea  of  how  the  varia- 
tion constants  change  appears  to  be  the  following:  First,  to  determine 
the  changes  in  the  actual  values  of  the  constants  as  they  stand. 
These  may  be  regarded  as  lower  limiting  values.  The  general  trend 
of  these  having  been  determined,  we  may  next  proceed  to  modify  the 
constants,  for  the  influence  of  accidents  and  the  like,  from  the  actual 
values  they  show.  In  every  case  we  can  be  sure  of  the  general  direc- 
tion in  which  such  modification  should  be  applied.  As  to  what  its 
exact  amount  in  each  case  should  be  there  are,  of  course  ,  no  criteria. 
But,  if  we  make  the  modification  relatively  large,  we  shall  establish 
what  may  be  regarded  as  a  series  of  upper  limiting  values  for  the  con- 
stants. We  may  then  fairly  conclude  that  had  all  conditions  remained 
normal  throughout  the  period  covered  by  the  data,  the  values 
exhibited  by  the  constants  would  have  fallen  somewhere  between 
the  limits  set  by  the  actual  and  the  modified  values.  While  such  a 
method  can  not  give  us  precise  values,  it  is  capable  of  showing  what 
the  general  trend  of  the  data  is.  We  may  first  examine  the  changes 
which  took  place  in  the  mean  or  average  annual  egg  production  in  the 
period  from  1899  to  1907. 

"  The  Principles  of  Breeding,  p.  422. 
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CHANGES  IN  MEAN  EGG  PRODUCTION. 

In  considering  this  problem  the  question  immediately  arises  as  to 
how  the  data  for  1904  and  subsequent  years  shall  be  treated.  In 
these  years  shall  we  use  for  comparison  with  earlier  years  an  average 
based  on  all  the  birds  together  (i.  e.,  those  kept  in  50,  100,  and  150 
bird  pens),  or  only  those  birds  kept  in  flocks  of  one  size  (either  50, 
100,  or  150)  ?  A  little  consideration  leads  to  the  conclusion  that 
there  can  be  but  one  answer  to  this  question.  We  must  use  the  rec- 
ords of  flocks  of  one  size  only,  otherwise  the  heterogeneity  of  the 
material  will  vitiate  conclusions.  This  being  the  case,  it  is  further 
advisable  to  use  the  data  from  the  50-bird  flocks,  since  in  the  earlier 
years  of  the  experiment  the  birds  were  kept  in  small  flocks,  with 
which  the  50-bird  flocks  of  later  years  are  most  nearly  comparable. 
Consequently  for  the  years  1904  to  1907,  inclusive,  we  shall  use  the 
50-bird  pen  records  only. 

The  data  for  the  changes  in  mean  egg  production  are  given  in 
Table  5.  The  averages  given  here  in  the  column  headed  "Actual 
average  production"  are  those  obtained  by  dividing  the  figures  in 
the  third  column  of  the  table  by  those  in  the  second  column.  In 
other  words,  they  are  the  averages  from  the  ungrouped  data  given  in 
Table  I  of  Appendix  I.  On  this  account  they  differ  slightly  from  the 
grouped  means  of  Table  2. 


Table  5. — Changes  in  average  egg  production  between  1899  and  1907. 


Year  and  pen. 

Birds 
complet- 
ing the 
year. 

Eggs  laid. 

Actual 
average 
produc- 
tion. 

Added 
to  actual 
average. 

Modified 
average. 

1899-1900  

70 

9,545 

•    130. 30 

0 

136. 36 

1900-1901  

85 

12, 192 

143. 44 

0 

143.44 

1901-2  

48 

7,468 

155.  58 

0 

155.58 

1902-3  

147 

19,900 

135.  42 

a  23.  73 

159. 15 

1903-4 

254  • 

29,947 

117.90 

611.24 

129.14 

1904-5,  50-!>ird  pens  

283 

37, 943 

134.  07 

0 

134.07 

1905-0,  50-bird  pens  

178 

24,827 

140.14 

6  13.  95 

154.09 

1900-7,  50-bird  pens  

187 

21,175 

113.  24 

i>29.53 

142.  77 

"  Cf.  page  40.  b  Cf.  page  41. 


The  first  point  which  will  be  noted  from  this  table  is  that  the  aver- 
ages given  in  the  fourth  column  do  not  agree  with  those  which  have 
been  published  in  the  several  bulletins  of  the  Maine  station,  in  which 
reports  have  been  given  of  the  progress  of  the  experiment  in  breed- 
ing for  increased  egg  production.  Regarding  this  discrepancy  it  need 
only  be  said  that  the  previously  published  averages  have  several 
times  been  in  error  from  one  or  the  other  of  two  causes,  viz,  (a)  faulty 
methods  of  handling  the  statistical  material,  and  (b)  arithmetical 
mistakes.  Any  interested  person  may  verify  for  himself  the  aver- 
ages given  in  Table  5,  from  the  figures  given  in  Table  I  of  Appendix  I, 
which  comprises  all  the  data  which  exist  at  the  station  respecting 
annual  egg  production  in  Barred  Plymouth  Rocks. 
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As  lias  been  pointed  out  earlier  in  the  paper  (p.  19),  more  or  less 
serious  accidents  happened  to  lower  the  egg  production  in  lour  out  of 
the  eight  years  covered  in  the  investigation.  The  ''actual  averages" 
of  Table  5  give  the  lower  limit  to  the  egg  production  of  each  year. 
The  hens  could  not  have  produced  fewer  than  the  recorded  number  of 
eggs.  In  the  years  1902-3,  1903-4,  1905-6,  1906-7  they  probably 
would  have  produced  more  than  the  recorded  number  of  eggs,  had 
not  the  various  accidents  occurred.  To  obtain  an  upper  limiting 
value  for  the  egg  production  of  each  of  these  years  we  must  add  an 
allowance  for  the  accident  so  great  that  it  can  only  be  regarded  as 
unreasonably  liberal.  Then  we  can  say  that  under  entirely  normal 
circumstances  the  average  egg  production  could  not  have  been  greater 
than  that  given  by  the  modified  averages.  We  have  then  to  con- 
sider separately  the  allowances  to  be  added  to  each  year  s  average. 

In  the  year  1902-3  (cf.  p.  16,  supra)  the  birds  are  stated  to  have 
molted  in  December  and  to  have  laid  very  few  eggs  in  that  and  the 
succeeding  month.  This  molting  was  attributed  to  too  heavy  feed- 
ing during  the  summer  and  early  fall  months.  As  a  matter  of  fact 
the  average  egg  production  of  the  147  birds  was  4.46  eggs  in  Decem- 
ber, 1902,  and  5.92  eggs  in  January,  1903;  76  birds  laid  in  December 
and  77  in  January — a  little  more  than  half  the  dock.  Now,  a  refer- 
ence to  Table  2  will  show  that  the  egg  production  of  the  50-bird  pens 
in  the  year  1905-6  was  the  highest  obtained  in  any  year  after  1901-2. 
Taking  into  account  the  number  of  birds  involved  it  ranks  highest, 
since  in  the  early  years  there  were  relatively  few  birds.  In  the  year 
1905-6  the  only  point  at  which  the  laying  can  be  regarded  as  abnor- 
mal is  in  April  and  May  (cf.  p.  18).  The  egg  production  in  the 
other  months  of  that  year  must  be  regarded  as  normal.  If,  then,  we 
add  to  the  1902-3  average  the  mean  egg  production  for  the  whole  of 
the  two  months  of  December,  1905,  and  January,  1906,  we  shall  have 
made  a  most  liberal  allowance  for  the  accident.  The  mean  Decem- 
ber, 1905,  (50-bird  pens)  production  was  9.90  eggs;  that  for  January, 
1906,  was  13.83  eggs.  We  may  then  add  23.73  eggs  to  the  1902-3 
actual  average,  giving  a  modified  average  of  159.15  eggs.  There  can 
be  no  question  that  tins  figure  may  be  taken  as  a  safe  upper  limit  to 
this  year's  production. 

In  the  year  1903-4  the  only  disturbing  factor  in  the  records  is  that 
the  birds  were  not  moved  into  the  houses  until  December  6.  Hence 
they  lack  any  November  record,  and  also  that  for  the  first  five  days  in 
December.  The  average  production  for  the  month  of  December  was 
5.67  eggs.  Nevertheless,  in  order  to  establish  a  sufficiently  high 
upper  limit  to  the  year's  production,  wre  may  add  to  the  actual  1903-4 
average  not  only  the  normal  average  production  for  the  whole  month 
of  November  (1905,  50-bird  pens),  but  also  one-half  of  the  normal 
average  production  of  December  (1905,  50-bird  pens).    This  gives 
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altogether  11.24  eggs,  making  the  modified  average  for  1903-4  129.14 
eggs.  There  is  no  valid  reason  for  adding,  as  a  modifying  factor, 
more  than  the  egg  production  of  (a)  the  month  during  which  the 
birds  made  no  records  and,  of  (b)  one-half  of  the  month  in  which  they 
missed  five  days. 

In  the  year  1905-6  all  the  conditions  were  normal,  and  the  egg  pro- 
duction was  exceptionally  high,  save  for  a  single  mishap,  which  is  said 
to  have  affected  the  April  and  May  totals  (cf.  p.  18,  supra).  There 
is  some  reason  for  thinking  that  only  a  small  allowance  should  be 
made  for  this  mishap.  The  mean  production  for  April  is  16.48  eggs 
and  that  for  May  11.42.  In  order  to  be  sure  of  a  sufficiently  high 
upper  limiting  value,  however,  we  may  add  50  per  cent  of  the 
recorded  production  of  each  of  these  months,  making  the  modified 
April  mean  16.48  +  8.24  =  24.72,  and  the  modified  May  mean  11.42  + 
5.71  =  17.13.  The  total  modifying  factor  to  be  added  to  the  actual 
mean  of  this  year  is  then  1 3.95  eggs,  making  the  modified  mean  154.09. 

In  1906-7  the  application  of  lice  killer  to  the  roosts  is  stated  to 
have  caused  a  very  serious  lowering  of  the  egg  production  in  the 
months  of.  December,  1906,  and  January,  1907.  The  actual  aver- 
age egg  production  (50-bird  pens)  was  for  the  month  of  Decem- 
ber 4.97  eggs  and  for  January  5.70  eggs.  Inasmuch  as  there  is  no 
record  of  the  exact  date  when  the  lice  killer  was  applied,  we  are 
compelled  to  add  to  the  actual  egg  production  of  1906-7  as  a  modi- 
fying factor  the  normal  average  production  for  the  whole  of  the 
months  of  December  and  January  (based,  as  before,  on  1905  50-bird 
pen  records).  A  further  addition  must  be  made  to  allow  for  the 
fact  that  this  year's  records  are  only  for  eleven  months.  There  is 
no  record  for  October,  1907.  We  may,  as  in  the  other  cases,  add 
the  mean  production  for  this  month  of  the  1905-6  50-bird  pens. 
This  gives  us  the  modifying  term  29.53  eggs  and  as  the  modified 
average  142.77  eggs. 

With  the  actual  and  modified  averages  in  hand  we  may  inquire: 
What  has  been  the  general  trend  of  the  mean  annual  egg  production 
during  the  period  covered  by  the  investigation  ?  The  clearest  answer 
to  this  question  may  bo  obtained  by  plotting  the  figures  in  the  fourth 
and  sixth  columns  of  Table  5,  and  then  striking  through  each  of  the 
two  zigzag  lines  so  obtained  the  best  fitting  straight  line,  as  deter- 
mined by  the  method  of  least  squares.  Such  a  diagram  is  given  in 
figure  9. 

The  equations  of  the  two  straight  lines  are  as  follows: 
Actual  averages,  y  =  148.48  —  3.10  x. 
Modified  averages,  y  =  144.13+  0.043  x. 
In  these  equations  y  denotes  the  mean  annual  egg  production  and 
x  the  year.    The  origin  of  x  is  taken  at  1898-99 — that  is,  one  abscissal 
unit  to  the  left  of  the  first  observation.    The  reason  for  so  taking 
the  origin  is  obvious. 
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Taking  the  line  of  the  actual  averages,  it  is  seen  that  during  the 
first  three  years  there  is  a  steady  rise  in  mean  egg  production.  The 
highest  mean  production  during  the  whole  period  of  eight  years  is 
in  1901-2.  From  this  year  on  the  line  drops,  reaching  a  very  low 
point  in  1903-4.  Rising  again,  the  line  reaches  a  second  maximum 
(not  so  high,  however,  as  the  first)  in  1905-6.  The  next  year,  1906-7, 
shows  the  lowest  average  production  of  any  year  in  the  experiment. 
The  general  trend  of  the  actual  averages  is  obviously  downward. 
This  is  clearly  shown  by  the  fitted  line  ah. 

Turning  to  the  line  of  the  modified  averages,  we  note  that,  while 
still  showing  the  same  individual  year  fluctuations,  its  general  trend 
is  almost  exactly  horizontal.  As  shown  by  the  equation  to  the 
straight  line  ac,  however,  there  is  an  extremely  slight  upward  tendency 
in  the  modified  averages.    It  is  so  small  as  to  be  entirely  negligible. 

Now,  the  truth  must  lie  between  these  two  lines  ah  and  ac.  One 
is  the  graduation  of  the  lower  limiting  values  for  each  year's  average 
production,  the  other  the  graduation  of  the  upper  limiting  values  of 
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Fig.  9.— Change  In  mean  annual  egg  production,  181)9-1907.   The  solid  lines  show  the  actual  averages 
and  best-fitting  straight  line;  the  broken  lines  the  modified  averages  and  best-lilting  straight  line. 

what  the  egg  production  might  have  been  had  not  particular  accidents 
occurred.  There  appears  to  be  but  one  possible  conclusion.  In  the 
period  from  1899  to  1907  the  general  trend  of  average  annual  egg 
production  has  been  downward.  During  the  period  there  have  been, 
as  would  of  course  be  expected,  fluctuations  up  and  down  in  indi- 
vidual years.  These  have  been  no  greater,  however,  than  might  be 
expected  as  purely  chance  phenomena. 

It  might  possibly  be  contended  that  we  should  reach  a  different 
conclusion  if  we  took  into  consideration  all  the  birds  of  the  years 
1904  to  1907,  instead  of  those  in  50-bird  flocks.  A  little  inspection 
of  Table  2  shows,  however,  that  if  the  mean  productions  of  all  the 
birds  of  these  last  three  years  were  to  bo  used,  the  general  trend  of 
the  line  representing  the  change  of  the  mean  during  the  whole 
period  would  be  more  sharply  downward  than  it  is  in  figure  9.  This 
must  obviously  be  the  case,  because,  as  the  last  three  lines  of  Table  2 
show,  the  weighted  mean  of  the  means  is  in  each  case  very  consider- 
ably lower  than  the  50-bird  pen  mean  of  the  same  year. 
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The  discussion  of  the  relation  of  the  changes  in  mean  annual  egg 
production  to  the  method  of  breeding  practiced  is  deferred  to  a  later 
section  of  the  paper. 

CHANGES  IN  THE  VARIABILITY  OP  EGO  PRODUCTION. 

It  has  been  shown  that  in  spite  of  fluctuations  up  or  down  in 
particular  years  there  is  evidence  of  a  gradual  but  steady  change  in 
mean  egg  production  during  the  period  covered  by  the  breeding  inves- 
tigation. Is  there  any  evidence  of  a  similar  change  in  the  constants 
measuring  variability  in  egg  production?  On  a  priori  grounds  we 
should  expect  to  find  a  progressive  change  in  variability  because  of 
the  selection  practiced.  During  the  eight  generations  included  in  the 
investigation  the  immediate  ancestry  of  the  birds  was  strictly  selected. 
On  this  account  we  should  expect  a  reduction  in  variability  until  a 
minimum  had  been  reached."    Has  there  been  such  a  reduction? 

In  attempting  to  get  light  upon  this  matter  one  is  met,  as  before, 
by  the  difficulty  that  modification  ought  to  be  made  in  the  constants 
for  four  of  the  years  to  allow  for  the  accidents.  The  matter  is  not 
quite  so  simple  in  the  case  of  the  variation-measuring  constants  as 
it  is  in  the  case  of  the  means.  The  problem  may  be  stated  as  follows: 
Let  A  be  a  character  (say  egg  production  during  eleven  months) 
having  in  a  given  population  of  individuals  a  mean  value  of  ml  and 
a  standard  deviation  of  au  and  let  B  be  another  character  (say  one 
month's  egg  production)  of  the  same  population  having  a  'mean 
given  by  m2  and  a  standard  deviation  given  by  cr2.  What  will  be 
the  mean  and  standard  deviation  of  the  sum  of  these  two  characters 
A+B  in  the  same  population? 

We  have,  if  M  be  the  mean  and  2'  the  standard  deviation  of  the 
combined  characters, 

M=mx  +m3 .  ..  (i) 

and   

-  =  4  (<V  +  «■!  +  2r12  <r,  <j2  (ii) 

where  rn  is  the  coefficient  of  correlation  between  A  and  B. 

Equation  (ii)  presents  a  number  of  points  of  interest  and  signifi- 
cance. In  the  first  place  it  is  seen  that  so  long  at  least  as  rn  is  posi- 
tive I  will  necessarily  be  greater  than  either  ai  or  <r2.  Now,  as  a 
matter  of  fact,  the  egg  production  of  each  single  month  is  positively 
correlated  with  the  total  production  for  the  year,  as  we  should  obvi- 
ously expect  it  to  be.  That  is,  rit  is  in  this  case  always  positive. 
Hence,  if  we  raise  the  mean  egg  production  of  the  year  by  adding  as 
a  modifying  term  the  production  of  one  or  more  months  we  shall  at 
the  same  time  increase  the  absolute  variability  in  annual  production 
as  measured  by  the  standard  deviation. 

<*  For  a  full  discussion  of  this  matter  see  Pearson,  K.,  The  Law  of  Ancestral  Inher- 
itance.   Proceedings  of  the  Royal  Society,  vol.  (>2,  pp.  386-412. 


44  STUDY  OF  EGG  PRODUCTION  IN  THE  DOMESTIC  FOWL. 

This  leads  to  another  consideration.  When  the  total  production 
of  one  group  of  hens  is  greater  in  a  given  time  than  that  of  another 
group  in  the  same  time  it  merely  means  that  the  aggregate  laying 
within  the  period  has  heen  increased  in  one  lot  over  what  it  is  in  the 
other.  But,  according  to  (ii)  above,  this  means  that  at  the  same 
time  the  standard  deviation  will  be  greater  in  one  lot  than  in  the  other. 
In  other  words,  when  the  mean  egg  production  changes  we  should 
expect  the  standard  deviation  to  change  in  the  same  direction,  unless 
some  real  alteration  in  the  innate  variational  tendency  in  respect  to 
egg  production  has  occurred.  We  hence  must  conclude  that  if,  as 
in  the  present  case,  we  find  the  general  trend  of  mean  egg  produc- 
tion, and  at  the  same  time  that  of  the  standard  deviation  in  the 
same  character  to  be  downward,  we  are  not  justified  in  assuming 
from  the  standard  deviation  alone  that  there  lias  heen  any  progressive 
change  in  the  innate  variational  tendency.  We  may  expect  the  stand- 
ard deviations  to  become  smaller  for  the  same  reasons  that  the  means 
do.  The  practical  conclusion  is  that  judgment  of  changes  in  varia- 
tion in  egg  production  must  be  based  on  a  relative  measure,  such  as 
is  given  by  the  coefficient  of  variation. 

Further,  if  an  increase  in  mean  egg  production  means  an  increase 
in  the  standard  deviation  except  there  be  a  real  change  in  the  varia- 
tional tendency  of  the  population,  then  clearly  it  is  futile  to  modify 
the  standard  deviations  to  allow  for  accidents,  as  has  been  done  in  the 
case  of  the  means,  because  such  a  modification  is  purely  artificial 
and  represents  no  real  change  in  variational  tendency.  Hence  the 
coefficient  of  variation  will  be  unchanged  after  the  modification  of 
mean  and  standard  deviation  from  what  it  was  before.  To  show 
that  facts  accord  witli  theory  on  this  point  an  actual  case  may  be 
cited. 

Table  6  gives  in  parallel  columns  the  values  of  the  chief  constants 
of  the  distributions  for  1904-5,  when  («)  the  records  of  twelve  months' 
laying  (November  1,  1904,  to  October  31,  1905)  are  used,  and  when 
(b)  the  totals  of  the  first  eleven  months  of  the  same  laying  year 
(November  1 ,  1 904,  to  September  .30,  1 905)  are  used. 


Tahlk  (i. — Egg  production  in  l'M4~-r>. 


l(K)-bird  pens. 


150-1  iird  pens. 


Constant.* 


(b) 

September 
totals. 


(a) 
October 
totals. 


(i>) 

September 
totals. 


(«)  (i>) 
October  September 
totals.   !  totals. 


October 
totals. 


Mean  

Median  

Mode  

Standard  deviation . . . 
Coefficient  of  variation 
Skewness  


134.  (ill 
139.  17 


133.  (il 
141.110 
155.  7S 
49.  41 
3li.  98 
-.449 


127.  IX 
1 10.  25 
liili.  3.S 

45.  90 
09 

-.X54 


114.  .34 
117.00 
121.93 
53.  04 
41  i.  31 
-.  139 


107.  90 
110.  07 
116.08 
49.  50 
45.  91 
-.  1(>4 


149. 14 
49.  49 
30.  77 

-.294 


*  Probable  errors  are  not  given  in  this  tabic,  since  they  arc.  already  given  in  Table  2  for  the  constants  in 
the  (a)  columns,  and  those  in  the  (6)  columns  will  obviously  be  of  substantially  the  same  Magnitude,  since 
the  number  of  individuals  involved  remains  always  the  same. 
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From  the  table  it  appears  that  the  change  in  standard  deviations 
made  by  using  twelve  instead  of  eleven  month  distributions  is  almost 
exactly  proportional  to  the  change  in  the  means.  The  coefficients 
of  variation  are  not  sensibly  different  in  the  two  cases.  The  results 
then  are,  first,  that  it  will  not  be  necessary  to  modify  the  standard 
deviations  to  allow  for  accidents,  and,  second,  that  conclusions  respect- 
ing variation  in  egg  production  must  be  drawn  from  the  coefficient 
of  variation  rather  than  the  standard  deviation. 

Taking  the  data  given  in  Table  2,  figure  10  has  been  prepared. 
It  shows  the  change  in  the  standard  deviations  during  the  eight 
years  covered  by  the  investigation.  In  the  last  three  years  the  con- 
stants for  the  50-bird  pens  are  used  as  in  the  case  of  the  means.  The 
straight  line  is  the  graph  of 

y  =  45. 12  -0.88  x 

wherein  y  denotes  standard  deviation  and  x  number  of  years  from 
1898-99.  This  is  the  line  which  best  fits  the  observations,  as  deter- 
mined by  the  method  of  least  squares. 
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Fig.  10.— Changes  in  annual  egg  production.    Standard  deviations,  1899-190". 


The  general  trend  of  the  observations  as  brought  out  in  this  diagram 
is  obviously  downward.  However,  since  the  tendency  of  the  means 
was  downward  during  the  same  period,  it  can  not  be  concluded  that 
there  has  been  a  real  reduction  in  germinal  variability  in  respect  to 
annual  egg  production. 

Turning  to  the  coefficients  of  variation  and  using  the  data  in  Table 
2  as  before,  we  have  the  results  shown  in  figure  11.  The  constants 
of  50-bird  pens  are  used  in  the  last  three  years. 

As  in  the  other  cases,  a  straight  line  was  fitted  to  the  observations 
by  the  method  of  least  squares.  The  equation  to  the  lino  is  in  this 
case 

y  =  30.56  +  0.039  x 

where  y  denotes  coefficient  of  variation  and  x  the  number  of  years 
from  1898-99.*. 

From  this  diagram  it  is  seen  that  the  lowest  relative  variability 
was  shown  in  the  year  1901-2  and  the  highest  in  the  year  1904-5. 
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A  second  minimum,  nearly  as  low  as  the  earlier  one,  occurs  in  1905-6. 
Finally,  the  variability  in  the  last  year  of  the  period  (190(5-7)  is  very 
nearly  the  same  as  that  at  the  outstart  eight  years  before.  The 
fitted  straight  line  is  almost  exactly  horizontal;  in  fact,  the  change  in 
the  eight  years  is  a  little  less  than  0.3  of  a  unit.  The  slight  slope 
which  the  line  does  show  is  upward,  but  no  stress  can  be  laid  on  so 
small  a  change  on  account  of  the  values  of  the  probable  errors  con- 
cerned. The  general  conclusion  to  be  drawn  is  that  during  the  period 
covered  by  the  statistics  the  degree  of  variability  in  egg  production 
in  proportion  to  the  mean  has  not  substantially  changed.  There  have 
been  rather  wide  fluctuations  during  the  period,  but  these  have  been 
as  frequent  and  great  in  one  direction  as  in  the  other. 

CHANOES  IN  OTHER  CONSTANTS. 


Nothing  in  particular  is  to  be  gained  by  a  special  examination  of 
the  changes  which  have  occurred  in  the  median  or  modal  egg  produc- 
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Fig.  U.— Changes  in  annual  egg  production.   Coefficients  of  variation.  I89!)-1!W7. 


tion  during  the  period  under  investigation.  Both  these  constants 
run  nearly  parallel  to  the  means,  since  the  skewness  is  negative 
throughout. 

It  is  of  some  interest  to  see  the  trend  of  the  skewness.  To  this  end 
figure  12  has  been  prepared.  The  data  are  taken  from  Table  2,  and 
the  50-bird  pen  constants  are  used  in  the  last  three  years.  The 
equation  to  the  straight  line  is 

y=  -0.265-  0.0022  x 
where  y  denotes  the  value  of  the  skewness  and  x  has  the  same  signifi- 
cance as  in  the  other  similar  equations. 

The  individual  year  fluctuations  here  are  rather  marked,  but  there 
is  no  evidence  of  a  steady  progressive  change  in  the  degree  or  character 
of  the  asymmetry  of  the  curves.  The  fitted  straight  line  is  very  nearly 
horizontal. 

Another  matter  of  some  importance  is  to  determine  the  proportion 
of  extreme  variates  in  both  directions  to  the  total  number  of  birds 
kept  during  the  several  years  of  the  investigation.    In  this  connection 
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the  following  questions  present  themselves:  In  the  period  from  1899 
to  1907  did  the  number  of  very  exceptionally  high-laying  hens  in  pro- 
portion to  the  total  number  in  the  flocks  increase  or  diminish,  and  how 
great  was  the  change?  Similarly,  did  the  porportionate  number  of 
exceptionally  poor-laying  hens  increase  or  diminish,  and  by  what 
amount?  One  would  expect,  of  course,  in  view  of  the  selection  prac- 
ticed in  the  breeding,  that  in  successive  years  there  would  be  more 
"good"   layers  in  the  flock   and   fewer  "drones."    The  data  to 
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Fig.  12.— Changes  in  annual  egg  production.   Skewuess,  1899-1907. 


answer  these  questions  are  given  in  Table  7.  We  have  taken  as  an 
exceptionally  high-producing  hen  one.  that  laid  195  or  more  eggs  in 
her  first  laying  year,  and  as  an  exceptionally  poor-laying  hen  one  that 
laid  less  than  45  eggs  in  her  first  laying  year.  The  fairness  of  these 
designations  can  hardly  be  questioned. 

Table  7  gives  for  each  year  the  percentage  (a)  of  birds  laying  less 
than  45  eggs  and  (b)  of  birds  laying  195  or  more  eggs.  In  the  last 
three  years  data  from  50-bird  pens  are  used. 


Table  7. — Percentage  of  the  flocks  laying  (A)  less  than  45  eggs,  and  (B)  195  or  more  eggs 

in  a  year. 


Annual  egg  pro- 
duction. 

1899-1900. 

1900-1901. 

1901-2. 

1902-3. 

Per  cent. 
1.36 
6. 12 

1903-4. 

Per  cent. 
6.70 
.79 

5 

1904-5. 

0-bird  pen 
1905-6. 

s. 

1906-7. 

Less  than  45  

195  or  more  

Per  cent. 
4.29 
4.29 

Per  cent. 
1. 18 
10.60 

Per  cent. 
0 

18.75 

Per  cent. 
7.07 
12.71 

Per  cent. 
0.56 
5.06 

Per  cent. 
4.  81 
0 

The  facts  brought  out  in  Table  7  are  shown  graphically  in  figure  13, 
in  which  the  continuous  lines  show  the  change  in  the  percentage  of 
exceptionally  high  layers  in  the  successive  years  and  the  broken  lines 
the  change  in  the  percentage  of  very  poor  layers.  The  straight  lines 
are  the  graphs  of  the  following  equations,  deduced  by  the  method  of 
least  squares: 

Poor  layers:  y  =    1.795  +  0.3225a: 
Good  layers:  y  =  11.639  -  0.966a: 

In  these  equations  y  denotes  percentage  and  x  years  from  1898-99. 
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It  is  noted  at  once  from  figure  13  that  the  changes  in  the  propor- 
tionate numbers  of  exceptionally  good  layers  in  successive  years  very 
closely  parallel  the  changes  in  the  mean  annual  egg  production  as 
shown  in  figure  9.  In  1899-1900  a  little  over  4  per  cent  of  the  flock 
laid  over  195  eggs  in  the  year.  The  number  increased  in  1900-1901 
and  1901-2,  reaching  in  this  latter  year  the  maximum  pioint  of  the 
whole  period.  This  maximum  was  a  high  one.  Nearly  19  per  cent  of 
the  flock  laid  195  eggs  or  over.  The  next  two  years  witnessed  a 
marked  decrease,  the  percentage  of  high  layers  reaching  in  1903-4 
less  than  1.  In  1904-5  there  was  another  rise  in  the  percentage,  with 
a  falling  off  again  in  1905-6  and  1906-7.  In  the  last  year  there  were 
no  birds  in  the  50-bird  pen  flocks  which  laid  195  eggs  in  the  year.  As 
is  shown  by  the  continuous  straight  line,  instead  of  there  having  been 
any  steady  increase  in  the  percentage  of  high-laying  birds  in  these 


1899-00  /900-0/  /90I-02    /902-03  /903-04  /904-OS  /90S-06  /906-07 

Fig.  13. — Changes  in  percentages  of  extreme  variates  in  egg  production,  18!)!M!)07.  The  solid  line 
shows  the  percentage  of  birds  laying  over  195  eggs;  the  broken  line  the  percentage  of  birds  laying 
under  45  eggs. 


eight  years  there  has,  on  the  contrary,  been  a  distinct  decrease  in  the 
percentage. 

Turning  to  the  poor  layers,  it  is  seen  that  in  1899-1900  there  were 
exactly  the  same  number  laying  less  than  45  eggs  as  of  those  laying 
more  than  195.  The  percentage  fell  to  zero  in  ]  901-2,  but  during  the 
next  three  years  steadily  rose  until  in  1904-5,  7  per  cent  of  the  flock 
laid  fewer  than  45  eggs  in  the  year.  In  1905-6  there  was  a  drop, 
with  a  return  in  the  last  year  of  nearly  5  per  cent.  Taking  all  the 
figures  together,  it  is  obvious  that  the  only  conclusion  which  can  be 
drawn  is  that  at  the  beginning  of  the  selection  experiment  there  were 
relatively  few  extreme  "drones"  in  the  flock;  all  the  available  evi- 
dence indicates  that  after  eight  years  of  selection  there  tire  as  many  or 
more  such  than  there  were  at  the  beginning. 

Further  discussion  of  the  significance  of  these  changes  in  the  num- 
ber of  extreme  variates  is  deferred  until  a  later  section  of  the  paper  is 
reached. 
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VARIATION  IN  EGG  PRODUCTION  IN  WHITE  WYANDOTTES. 

Up  to  this  point  we  have  discussed  the  variation  in  annual  egg  pro- 
duction of  the  Barred  Plymouth  Rocks  only.  As  was  pointed  out  in 
the  introduction,  the  Maine  station  egg  records  also  furnish  some  data 
on  the  same  matter  for  White  Wyandottes.  To  the  discussion  of 
these  data  we  may  next  turn. 

The  raw  material  for  the  White  Wyandottes  is  given  in  Appendix 
I,  Table  II.  The  grouped  frequency  distributions  (absolute  and  per- 
centage) are  given  in  Table  8. 

Table  8. — Frequency  distributions  for  variation  in  annual  egg  production  of  White 

Wyandottes. 


Eggs  laid. 


Qtol4  

15  to  29.... 
30  to  44.... 
45  to  59.... 
60  to  74.... 
75  to  89.... 
90  to  104... 
105  to  119.. 
120  to  134.. 
135  to  149.. 
150  to  164.. 
165  to  179. . 
180  to  194.. 
195  to  209.. 
210  to  224.. 
225  to  239.. 


Total. 


Absolute  Percentage 
frequency.  ;  frequency. 


1.43 
1.43 
1.43 


7. 14 
7.  14 
8.57 
12.86 
15.71 
10.00 
8.57 
14.29 
2.86 
5.71 
2.86 


1900-1901. 


Absolute  !  Percentage 
frequency.  !  frequency. 


1 

2 
5 
6 
4 
7 
8 
9 
12 
7 
4 
4 
1 
2 


1901-2. 


1.39 
2.78 
6.  94 
8.33 
5.56 
9.  72 
11.  11 
12.50 
16.  67 
9.72 
5.56 
5.56 
1.39 
2.  78 


Absolute 
frequency. 

Percentage 
frequency. 

1 

3.03 

1 

3.03 

2 

6.06 

? 
8 

15. 15 
21.21 
24.24 
18.18 

3 

9.09 

100.01 


33 


99.99 


It  will  be  evident  at  once  from  Table  8  and  the  detailed  statistics 
given  in  the  Appendix  that  the  general  features  of  variation  in  egg 
production  are  very  similar  in  White  Wyandottes  to  what  we  have 
already  found  for  Barred  Plymouth  Rocks.  The  range  of  variation 
is  substantially  the  same  in  the  two  cases.  As  before,  the  number 
of  observations  is  in  each  case  too  few  to  fill  this  range  with  anything 
approaching  a  smooth  frequency  distribution.  It  is  further  apparent 
that  there  is  a  general  tendency  toward  negative  skewness  in  these 
as  in  the  Barred  Plymouth  Rock  distributions. 

The  chief  physical  constants  for  the  distributions  of  Table  8  are 
given  in  Table  9. 

Table  9. — Constants  of  variation  in  egg  production,  White  Wyandottes. 


Laying  year. 


1899-  1900. 

1900-  1901. 

1901-  2.... 


Mean. 


130.  13±3.  64 
135.  43  ±3.  54 
130.36  i-4.  37 


Median. 


128.  50±4.  56 
139.  50±4.  44 
137.  50±5.  48 


Mode. 


Standard  Coefficient 
deviation.  '  of  variation. 


Skewness. 


125.24  45.15  +  2.57 
147.  64  44.  53±2.  50 
151.77  37.22+3.09 


34.  69±  2.  20  +  0. 108±0.  097 
32.88  ±2.04  -  .274±  .091 
28.  55  ±2.56  !-  .575+  .102 


76208— Bull.  110,  pt  1—09  4 
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From  Table  9  we  note  the  following  points : 

1 .  The  mean  annual  production  of  the  White  Wyandottes  is  lower 
in  each  of  the  three  years  than  is  that  of  the  Barred  Plymouth  Rocks 
(Table  2)  in  the  same  year.  It  is  extremely  doubtful,  however, 
whether  this  can  be  taken  to  represent  a  true  varietal  difference  from 
which  to  conclude  that  White  Wyandottes  are  poorer  layers  than 
Barred  Plymouth  Rocks.  There  are  several  reasons  which  make  such 
a  conclusion  too  doubtful  to  carry  any  weight.  In  the  first  place,  the 
number  of  birds  involved  is  too  small.  Further,  there  is  no  assurance 
that  the  same  method  of  feeding  is  as  well  suited  to  egg  produc- 
tion in  the  case  of  White  Wyandottes  as  in  the  case  of  Barred  Ply- 
mouth Rocks.  Further,  there  is  reason  to  believe  that  in  subsequent 
years  the  descendants  of  the  station  strain  of  White  Wyandottes 
came  to  have  a  mean  annual  egg  production  as  high  or  higher  than 
that  of  the  station  Barred  Plymouth  Rocks.  This  statement  is  based 
on  a  verbal  communication  to  the  writer  by  Prof.  Oilman  A.  Drew,  of 
the  University  of  Maine,  who  bred  these  White  Wyandottes  after  the 
station  dropped  them. 

2.  The  White  Wyandottes  show  substantially  the  same  degree 
of  individual  variability  in  annual  egg  production  as  do  the  Barred 
Plymouth  Rocks. 

3.  In  two  of  the  three  years  the  distributions  show  negative  skew- 
ness,  just  as  in  all  cases  with  the  Barred  Plymouth  Rocks.  In  the 
first  year  the  skewness  is  positive,  but  its  amount  is  so  small  and  the 
number  of  individuals  involved  is  so  small  that  no  particular  signifi- 
cance is  to  be  attached  to  this  exception  to  the  usual  rule  for  curves 
of  variation  in  egg  production. 

The  conclusion,  so  far  as  any  may  be  drawn  from  the  limited  data 
at  hand,  is  that  the  general  features  of  variation  in  annual  egg  pro- 
duction appear  to  be  substantially  the  same  in  White  Wyandottes 
and  Barred  Plymouth  Rocks. 

EGG  PRODUCTION  IN  OTHER  BREEDS  OF  FOWLS. 

Reliable  and  extensive  statistical  data  regarding  egg  production  are 
exceedingly  rare  in  the  literature.  Furthermore,  whenever  any  such 
records  have  been  published  it  has  almost  invariably  been  the  custom 
not  to  give  detailed  statistics  for  individual  birds,  but  rather  flock 
averages  based  on  larger  or  smaller  numbers.  From  such  material 
it  is  obviously  impossible  to  learn  anything  regarding  variation  in  egg 
production.  While  this  fact  is  greatly  to  be  regretted,  there  are  cer- 
tain points  of  interest  to  be  gained  by  a  comparative  study  of  egg- 
production  averages. 

A  question  which  will  have  occurred  to  the  reader  is  as  to  how  the 
average  annual  productions  shown  in  the  different  years  by  the  pres- 
ent statistics  compare  with  the  experience  of  others  regarding  egg 
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production  with  other  breeds  of  fowls  and  under  different  environ- 
mental conditions.  Fortunately  there  is  an  abundance  of  data  from 
which  light  may  be  gained  on  this  question.  For  some  years  past 
there  have  been  conducted  at  various  places  in  Australia  egg-laying 
competitions  in  which  exact  records  of  the  number  of  eggs  laid  by  pens 
of  various  breeds  have  been  kept.  The  most  extensive  and  thorough 
of  these  tests  have  been  carried  out  by  the  Hawkesbury  Agricultural 
College  and  Experimental  Farm  at  Richmond,  New  South  Wales. 
The  data  which  that  institution  has  accumulated  on  egg  production 
are  of  great  value.  It  is  the  fashion  among  poultrymen  in  this  coun- 
try to  discredit  these  Australian  egg-laying  competitions  and  to  aver 
that  the  published  records  of  their  results  are  wholly  untrustworthy. 
The  authors  of  the  present  paper  have  very  carefully  studied  the  pub- 
lished reports  of  these  contests  and  can  find  no  evidence  that  those 
conducted  at  or  under  the  direction  of  agricultural  colleges  or  gov- 
ernment experimental  farms  (e.  g.,  Hawkesbury  and  Rockdale  com- 
petitions) at  least,  have  not  been  carried  out  in  a  strictly  scientific 
spirit  and  in  a  manner  well  calculated  both  to  accumulate  accurate 
scientific  data  on  egg  production,  and,  as  judged  by  the  results,  to 
give  data  which  are  valuable  from  the  purely  practical  point  of  view. 
We  can  see  no  more  reason  on  a  priori  grounds  for  repudiating  the 
data  from  these  contests  than  one  would  have  in  repudiating  any  other 
quantitative  data  published  by  an  Australian  college  or  university. 

It  may  be  well  to  state  briefly  the  manner  in  which  these  contests 
were  carried  out.  The  Hawkesbury  competitions  may  be  taken  as 
types.  The  unit  of  the  competition  is  a  pen  of  six  birds  of  the  same 
breed.  Intending  competitors  send  the  birds  they  wish  to  enter  at  a 
specified  time  to  the  college  authorities.  Each  pen  of  six  has  a 
separate  house  and  yard.  All  yards  and  houses  are  of  the  same  size. 
The  birds  are  cared  for  throughout  the  year,  and  the  egg  records  are 
kept  by  an  official  of  the  college.  The  attempt  is  made  to  locate 
each  house  and  yard  in  such  way  that  the  environmental  conditions 
shall  be  as  nearly  as  possible  identical  for  all  birds  in  the  competition. 
One  would  judge  from  the  photographs  and  descriptions  which  have 
been  published  that  this  ideal  of  environmental  uniformity  has  been 
unusually  well  attained.  At  the  inauguration  of  the  first  of  these 
contests  the  following  regulations  for  its  conduct  were  drawn  up:a 

1.  The  competition  to  commence  on  the  1st  of  April  and  extend  to  the  30th  of 
September,  b  a  period  of  six  months  calendar. 

2.  The  competitors  will  be  bound  to  pen  their  birds  during  March,  each  pen  to 
consist  of  six  pullets  or  hens  of  any  age,  no  male  birds  to  be  included. 

3.  All  birds  to  be  bred  by  the  competitor. 

«  Agricultural  Gazette  of  New  South  Wales,  Vol.  XVIII,  p.  522.  1907. 
b  The  reader  will  not  overlook  the  fact  of  the  reversal  of  the  seasons  in  the  southern 
hemisphere.   This  first  contest  was  a  winter  egg-laying  competition. 
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4.  All  birds  to  be  examined  by  the  poultry  expert  on  arrival  at  the  college,  and 
any  found  to  be  suffering  from  infectious  or  contagious  disease  to  be  rejected;  in  the 
event  of  a  bird  dying,  the  competitor  to  be  allowed  to  replace  it. 

5.  All  eggs  to  become  the  property  of  the  department  of  agriculture. 

6.  All  competition  to  be  decided  by  the  greatest  total  number  of  eggs  laid  by  each 
pen,  eggs  under  ]  J  ounces  not  to  count. 

7.  The  market  value  of  the  eggs  laid  to  bo  recorded  and  the  weight  of  eggs  from 
each  pen,  and  prizes  given  for  the  greatest  aggregate  weight. 

8.  Records  to  be  kept  of  the  total  quantities  of  the  various  feeds  consumed  and  the 
average  cost  per  head. 

After  the  first  contest,  rule  1  was  changed  to  include  a  period  of 
one  year  in  the  test.  Later  rule  2  was  also  changed  in  the  direction 
of  restricting  the  age  of  competing  birds,'  so  that  the  year  of  the  test 
was  the  bird's  pullet  year  in  each  case. 

From  the  standpoint  of  the  scientific  study  of  egg  production 
there  is  one  point  open  to  serious  criticism  in  these  Australian 
statistics.  It  lies  in  the  fact  that  no  account  is  kept  of  the  performance 
of  individual  birds.  The  pen  instead  of  the  individual  is  made  the 
unit.  This  obviously  detracts  considerably  from  the  scientific 
availability  of  the  statistics.  Another  point  which  is  somewhat  open 
to  criticism  is  that  involved  in  the  last  clause  of  rule  4,  which 
states  that  in  event  of  a  bird  dying  the  owner  may  replace  it  with 
another.  This  procedure,  however,  probably  does  not  seriously 
affect  the  averages  for  comparative  purposes.  The  mortality  is 
stated  to  have  varied  in  the  five  years  of  competition  at  the  Ilawkes- 
bury  College  between  3  and  9  per  cent.  Further,  the  plan  of  replacing 
each  hen  that  dies  with  another  will  give  averages  for  yearly  pro- 
duction which  we  have  ascertained  to  be  very  closely  comparable 
with  those  of  this  paper  which  exclude  the  dead,  i.  e.,  which  count 
only  birds  which  laid  during  the  whole  year.  The  reason  for  this  is 
apparent.  Suppose  a  hen  dies  after  having  laid  during  three  months. 
If  her  record  is  included  with  that  of  birds  completing  twelve  months' 
laying,  its  effect  will  obviously  be  to  lower  the  flock  average.  Suppose, 
however,  that  when  she  dies,  her  place  is  taken  and  the  twelve 
months  completed  by  another  bird  of  the  same  age,  and  the  two  are 
counted  as  one  bird  laying  twelve  months.  The  effect  on  the  flock 
average  will  obviously  be  to  make  it  very  close  to  what  it  would  have 
been  if  the  first  bird  had  not  died.  The  only  difference  which  can  be 
produced  is  that  which  will  arise  if  the  second  bird  is  a  distinctively 
better  or  poorer  layer  than  the  one  she  replaces.  With  a  small 
mortality,  and  any  care  whatever  in  the  selection  of  birds,  the  effect 
on  flock  averages  must  be  so  small  as  to  be  practically  negligible. 
For  purposes  of  comparison  with  our  own  statistics,  in  which  only  the 
birds  laying  the  full  twelve  months  are  included,  it  is  much  better 
that  dead  birds  should  be  replaced  than  not. 

The  following  example  will  show  how  small  is  the  effect  produced 
on  the  mean  production  by  substituting  birds  for  those  that  die. 
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From  the  records  for  1905-6  we  first  chose  six  birds  quite  at  random. 
This  was  done  by  taking  every  twentieth  bird,  beginning  with  No.  23, 
i.  e.,  Nos.  23,  43,  63,  83,  103,  and  123.  Now,  let  us  suppose  that  two 
of  these  birds,  say  Nos.  43  and  83,  died  during  the  year  of  the  test, 
and  assume  that  No.  43  died  January  31  and  No.  83  July  31.  Now 
assume  that  the  laying  year  of  each  of  these  two  birds  was  completed 
by  another  bird  taken  at  random  from  the  flock.  How  will  the  average 
of  the  six  birds  for  the  year,  provided  the  substitutions  are  made, 
differ  from  what  it  would  have  been  supposing  the  two  birds,  43  and 
83,  to  have  completed  their  year  for  themselves  ?  For  the  substituted 
birds  two  numbers  were  written  down  at  random.  They  were  Nos. 
494  and  251.    We  have  the  following  figures: 


Bird  Nos. 


23  

43  

B3  

83  

103  

123  

Total 


Actual  lay- 
ing of  birds 

during 
whole  year. 


152 
159 
111 
124 
181 
147 


Until  time  of  assumed 
death,  laying  of  two  birds 
assumed  to  have  died 
was — 

Substituted 
birds  laid,  from 
assumed  time 
of  death  to  end 
of  year- 

Assuming 
that  sub- 
stituted 

birds 
finished 
year  for 
those  dying 
the  laying 
was — 

152 
146 
111 
143 
181 
147 

880 

Laying  to  Jan.  31,  33            113  (No.  494). ... 

Laying  to  July  1,  110  !  27  (No.  251)  

Average  production  with  no  death  occurring,  145.67  eggs. 

Average  production  assuming  that  two  birds  died  and  that  other  birds  completed 
the  year  for  them,  146.67  eggs. 

The  difference  between  the  two  averages  is  obviously  insignificant. 

For  purposes  of  comparison  and  illustration  some  of  the  data 
obtained  in  these  Australian  contests  may  be  introduced  here. 

The  results  of  the  fifth  and  most  recent  Ilawkesbury  competition a 
which  are  of  significance  for  our  present  inquiry  are  reproduced  in 
Table  10. 

Table  10. — Average  annual  egg  production  of  various  breeds. 

[Data obtained  in  fifth  annual  egg-laying  competition  conducted  by  the  Ilawkesbury  Agricultural  Col- 
lege, New  South  Wales.] 


Breed. 


Cuckoo  Leghorns  

Langshans.  

Black  Orpingtons  

S.  C  Brown  Leghorns. 
S.  C  White  Leghorns . 
R.  C  Brown  Leghorns 
R.  C  White  Leghorns. 
Golden  Wyandottes . . . 

Silver  Wyandottes  

Minorcas  

Rhode  Island  Reds  


Average 
No  of  esfi  Prodllc-, 

birds  ■   tion  I,er 
"irus-  i  hen  in  first 

laying  year. 


IX 
120 
30 
138 
12 
12 
12 
120 
24 
6 


190.  IB 
188.88 
178.  41 
177.00 
174.  93 
173.50 
172.  06 
171.33 
170.  51 
168.  91 
160.  66 


Breed. 


Tartridge  Wyandottes. 

Buff  Wyandottes  

Buff  Leghorns  

Buff  Orpingtons  

White  W yandottes  

Black  Leghorns  

lloudans  

Faverolles  


No.  of 
birds. 


Total . 


Average 
egg  produc- 
tion per 
hen  in  first 
laying  year. 


104. 16 
163.75 
100.55 
150.  11 
140.  70 
138.  33 
137.  33 
126.  06 


171 


a  Loc.  fit.,  p.  532. 
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Similar  data  from  the  second  Kockdale  competition a  are  pre- 
sented in  Table  1 1 ,  in  which  the  averages  given  have  been  calculated 
from  the  raw  data  given  in  the  report  of  the  contest. 

Table  11. — Average  annual  egg  production  of  various  breeds. 
[Data  obtained  in  second  annual  Kockdale  egg-laying  competition.] 


Brown  Leghorns . . . 
White  Wyandottes . 

Andalusians  

White  Leghorns  

Houdans  

Minorcas  

Black  Orpingtons . . 
Silver  Wyandottes. . 

R.  C.  Minorcas  

Buff  Orpingtons  

Langshans  


No.  of  Total 
birds.     eggs  laid. 


Total. 


24 

5100 

212.50 

18 

3,765 

209.17 

(i 

1,255 

209.17 

96 

19,763 

205.86 

(i 

1,196 

199.33 

1,174 

195.  67 

9(i 

18, 459 

192.  28 

78 

14, 748 

189. 08 

(i 

1,116 

186.00 

18 

3,097 

172. 06 

(i 

774 

129.00 

360 

"70,447 

195.  69 

Average 
production 
per  hen  in 
first  laying 
y»ar. 


a  This  total  is  incorrectly  given  as  70,437  in  the  original  table  (loc.  cit.,  p.  595). 

From  these  tables  it  will  be  noted,  first,  that  an  annual  egg  pro- 
duction very  considerably  higher  than  anything  observed  in  the 
experience  of  the  Maine  station  is  possible  even  with  large  numbers 
of  birds.  Averages  of  205.86  eggs  for  96  White  Leghorns  and  192.28 
eggs  for  the  same  number  of  Black  Orpingtons  (Table  11)  are  far  in 
excess  of  any  American  experience  of  which  the  authors  are  aware. 
It  must,  of  course,  always  be  kept  in  mind  that  these  Australian 
averages  are  from  selected  birds,  but  also  (in  the  case  of  figures  here 
given)  that  the  selection  is  made  in  advance  of  any  direct  test  of  the 
laying  capacity  of  the  selected  birds.  To  be  able  to  select  from  a 
flock  of  pullets  which  have  not  yet  begun  laying  a  pen  of  individuals 
capable  of  making  an  annual  average  such  as  those  we  find  in  these 
Australian  statistics  would  certainly  seem  indicative  of  high  laying 
capacity  in  the  general  flock.  As  a  further  illustration  of  this  point 
we  may  cite  a  specific  instance.  In  the  second  Rockdale  competi- 
tion (Table  11)  the  highest  single  pen  consisted  of  6  White  Leghorns. 
In  the  year  they  laid  1,473  eggs,  making  an  average  of  245.5  eggs 
per  bird.  Now,  as  an  examination  of  Table  I  of  the  appendix  will 
show,  if  we  select,  a  posteriori,  the  6  best  laying  birds  which  have 
been  found  in  the  whole  eight  years  covered  by  our  statistics,  we  get 
the  figures  on  the  opposite  page. 


oLoc.  cit.,  pp.  591-691. 
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Eggs  laid. 


1899-1900   237 

1901-2   240 

1904-5   234 

1904-5   234 

1904-  5    248 

1905-  6   246 


Total   1,439 


These  figures  give  an  average  per  bird  of  239.83.  Or,  in  other 
words,  taking  the  6  best  laying  birds  that  have  ever  appeared  in  the 
Maine  station's  Barred  Plymouth  Rock  flocks,  their  average  annual 
laying  is  nearly  six  eggs  lower  than  that  of  the  best  pen  in  the  par- 
ticular Australian  competition  cited.  In  general  we  must  conclude 
that  the  strain  of  Barred  Plymouth  Rocks  with  which  we  are  dealing 
can  not  be  regarded  as  an  exceptionally  high  egg-producing  one  in 
comparison  with  other  strains  and  breeds. 

A  question  which  constantly  recurs  to  the  mind  of  one  studying 
the  problem  of  egg  production  is :  How  does  the  egg  production  of  the 
"improved"  strains  and  breeds  of  the  present  day  compare  with  that 
of  the  domesticated  fowl  of  earlier  times  ? 

It  is  the  common  opinion  that,  with  the  greater  attention  which 
has  been  paid  in  recent  years  to  poultry  raising  as  a  definite  and  inde- 
pendent branch  of  agriculture,  there  has  been  a  great  improvement  in 
the  so-called  "utility"  points  of  the  domestic  fowl.  There  have 
unquestionably  been  great  improvements  made  in  the  last  twenty- 
five  years  in  the  management  of  poultry.  Equally  there  can  be  no 
doubt  that  with  this  improvement  in  methods  of  management  there 
has  been  a  decided  betterment  in  the  general  average  condition,  in 
respect  to  "utility"  points,  of  the  domestic  fowl.  It  is  not  so  clear, 
however,  whether  within  modern  times  there  has  been  any  marked 
amelioration  in  the  innate  qualities  on  which  high  egg  production 
depends.  This  may  at  first  sight  appear  to  be  an  unwarranted  state- 
ment. A  study  of  the  available  evidence,  however,  we  believe,  can 
only  lead  to  the  position  of  doubt  on  the  question  just  expressed 

It  should  be  understood  clearly  that  the  question  is  not  as  to 
whether,  for  example,  the  average  egg  production,  within  a  given 
period,  of  hens  in  general  is  at  the  present  time  greater  than  it  was 
fifty  or  a  hundred  years  ago.  It  undoubtedly  is.  Rather,  the  sig- 
nificant point  is  whether,  if  a  given  lot  of  hens  of,  say  a  century  ago, 
had  been  fed,  housed,  and  handled  in  the  same  way  that  our  so-called 
best  laying  strains  are  to-day,  their  egg  production  would  not  have 
been  substantially  the  same  as  that  of  the  present-day  flock.  The 
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answer  to  this  question,  so  far  as  egg  production  is  concerned,  is  by 
no  means  certain." 

The  difficulty,  of  course,  lies  in  getting  adequate  and  trustworthy 
evidence  as  to  the  egg-producing  ability  of  fowls  in  any  but  the  most 
recent  times.  In  the  older  literature  one  finds  plenty  of  statements 
that  such  and  such  a  breed  is  "noted  for  its  excellence  in  laying," 
and  the  like,  but  any  precise  statement  as  to  the  criterion  of  "excel- 
lence in  laying"  then  in  vogue  is  almost  invariably  wanting.  Fur- 
ther, when  numerical  data  are  given  they  demand  the  most  careful 
scrutiny  before  they  can  be  accepted,  because  too  often  it  appears 
from  the  context  that  the  recorder  has  some  personal  interest  in 
making  the  egg-production  record  a  high  one.  In  such  cases  the 
data  must  obviously  be  taken  with  a  grain  of  salt.  We  have  been 
able,  however,  to  find  a  few  definite  records  of  egg  production  in  ear- 
lier times,  which  appear  to  be  in  every  respect  trustworthy.  There 
is  no  more  reason  to  doubt  their  accuracy  than  there  is  to  doubt  the 
accuracy  of  any  quantitative  data  of  the  same  period.  A  few  such 
records  may  be  cited. 

In  the  Journal  of  Agriculture  (English),  Volume  XI,  pages  339  and 
340,  the  following  detailed  records  of  egg  production  are  given,  on  the 
authority  of  the  editor,  in  an  article  on  artificial  hatching: 

Produce  of  three  Poland  pullets  hatched  in  the  preceding  June,  from  December  1,  1835,  to 

December  1,  1836. 

Kggs  laid.  I                                                       Eggs  laid. 
December   12    July   55 


January   50 

February   48 

March   50 

April   54 

May   55 

June   56 


August   55 

September   55 

October   25 

November   9 

Total   524 


These  figures  give  as  an  average  production  for  the  year  174.67 
eggs  per  bird,  certainly  a  very  creditable  performance.  We  can  dis- 
cover no  reason  for  doubting  the  accuracy  of  these  figures.  They  are 
not  presented  as  in  any  way  exceptional,  but  rather  so  far  as  can  be 
judged  from  the  context,  as  a  definite  numerical  statement,  by  way 
of  illustration,  of  what  any  poultry  raiser  might  reasonably  expect  the 
performance  of  his  hens  to  be  under  ordinarily  favorable  conditions. 

°  It  is  of  course  certain  if  the  inquiry  concerns  itself  with  the  so-called  "show" 
points  of  poultry,  such  as  "shape,"  "feather,"  color,  and  the  like.  In  respect  to  these 
characters  fanciers  have  wonderfully  improved  all  the  standard  breeds.  A  glance 
at  the  plates  in  such  works  as  Tegetmeier's  Poultry  Book,  for  example,  affords  suffi- 
cient evidence  of  the  improvement  here. 
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Another  statement  of  the  same  general  tenor  is  to  be  found  in  an 
"Essay  on  the  rearing  and  management  of  poultry"  by  William 
Trotter,  published  in  the  Journal  of  the  Iloyal  Agricultural  Society 
in  1851  (vol.  12,  pp.  161-202).  The  essay  was  awarded  a  prize  by 
the  Iloyal  Agricultural  Society  in  the  year  mentioned,  and  hence,  we 
may  feel  reasonably  sure,  was  subjected  to  careful  and  critical  scru- 
tiny before  publication.  It  seems,  under  the  circumstances,  alto- 
gether unlikely  that  any  serious  misstatement  of  fact  would  have 
occurred  in  the  essay  in  the  first  instance,  or  if  it  had  occurred,  would 
have  been  allowed  to  pass  into  print.  On  page  169  (loc.  cit.)  the  fol- 
lowing statement  is  to  be  found:  "Hens  of  the  best  laying  varieties 
will  lay  in  a  season  from  160  to  270  eggs  each,  averaging  215."  If 
any  credence  whatever  is  to  be  put  in  this  statement,  it  would  appear 
to  indicate  that  as  high  egg  production  as  any  that  we  know  now  was 
regarded  as  at  least  possible  fifty  years  ago. 

In  another  essay  which  was  awarded  a  prize  by  the  Royal  Agricul- 
tural Society,  and  was  published  in  the  journal  of  that  society  in  the 
year  1867  (series  2,  vol.  3,  pp.  520-532)  a  still  more  definite  and  pre- 
cise statement  respecting  egg  production  is  to  be  found.  The  essay 
is  by  Mrs.  F.  Somerville,  and  its  title  is  "On  the  rearing  and  manage- 
ment of  poultry  on  an  ordinary  farm."  The  same  conclusions  as 
were  reached  concerning  Mr.  Trotter's  essay  appear  to  apply  regard- 
ing the  trustworthiness  of  statements  in  this  latter  one.  On  page 
532  (loc.  cit.)  it  is  stated  that  in  one  year  "  104  hens  produced  13,739 
eggs  exclusive  of  those  set.a  This  leads  to  an  average  production  per 
hen  of  132.11  eggs  in  the  year.  The  author  goes  on  to  state  that  the 
104  hens  "reared  372  chickens,  besides  hatching  the  ducks  and  guinea 
fowls."  Now,  assuming  that  it  took  but  400  eggs  to  produce  372 
chickens,  we  have  the  total  egg  production  14,139  in  the  year.  This 
gives  an  average  of  just  under  136  eggs.  This  can  only  be  regarded 
as  comparing  very  favorably  indeed  with  the  best  of  our  modern 
records  of  egg  production  in  equally  large  flocks,  especially  when  it  is 
considered  that  these  hens  had  to  do  all  the  incubating  of  at  least  372 
hen  eggs,  79  duck  eggs,  and  42  guinea-fowl  eggs,  these  being  the 
numbers  of  each  hatched. 

We  have  a  number  of  other  references  to  statements  similar  to 
those  quoted,  but  what  have  been  given  will  suffice  for  our  present 
purpose.  They  show  that  there  is  trustworthy  evidence  that  at 
about  the  middle  and  the  first  half  of  the  last  century  there  existed 
individual  birds  and  flocks  of  poultry  whose  ability  as  egg  producers 
was  at  least  the  equal  of  that  to  be  found  in  poultry  at  the  present 
time. 


«  Our  italics. 
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THE  INFLUENCE  OF  CERTAIN  HOUSING  CONDITIONS  ON  ANNUAL 

EGG  PRODUCTION. 

As  has  been  noted  earlier  in  this  paper  (p.  17),  there  lias  been  eon- 
ducted  during  the  last  three,  years  covered  by  our  statistics  an 
experiment  to  determine  the  influence  of  size  of  flock  and  amount  of 
floor  space  per  bird  on  egg  production.  The  general  plan  of  this  ex- 
periment has  already  been  described  and  need  be  only  briefly  reviewed 
here.  The  birds  in  the  experiment  were  handled  in  flocks  of  50,  100, 
and  150.  The  pens  were  so  constructed  that  in  the  flocks  of  50  and 
100  birds  there  was  an  allotment  of  4.8  square  feet  of  floor  space, 
while  in  the  flocks  of  150  birds  there  was  an  allotment  of  3.2  square 
feet  of  floor  space  per  bird.  The  general  plan  of  construction  of  the 
houses  in  which  these  birds  were  kept  throughout  the  course  of  the 
experiment  has  been  fully  described  in  earlier  publications0  and 
need  not  be  taken  up  again  here.  The  data  accumulated  in  this 
experiment  furnish  evidence  on  two  different  questions.  In  the  first 
place,  we  have  data  on  the  influence  of  the  number  of  birds  associated 
together  in  one  pen  on  the  egg  production  when  the  floor  space  per 
bird  is  the  same.  Evidence  of  this  sort  one  can,  of  course,  get  by 
comparing  the  egg  records  for  50-bird  pens  and  100-bird  pens.  In 
addition  there  are  data  on  the  further  question  of  the  influence  of 
amount  of  floor  space  per  se  on  the  egg  production  when  one  brings 
into  the  comparison  the  150-bird  pens. 

In  conducting  this  experiment  on  the  influence  of  floor  space  on 
egg  production  great  care  has  been  exercised  to  make  constant  all 
conditions  other  than  housing.  The  birds  used  in  the  experiment 
have  all  been  of  substantially  similar  breeding.  They  have  been  in 
every  case  birds  bred  from  mothers  laying  between  160  and  199  eggs 
in  a  year  and  from  fathers  whose  mothers  and  earlier  ancestors  in  the 
female  line  were  birds  laying  200  or  more  eggs  in  their  first  laying 
year.  Furthermore,  in  sorting  the  birds  into  the  various  pens  in  the 
fall  of  each  year  great  care  has  been  taken  to  make  a  pro  rata  dis- 
tribution of  the  pullets  of  different  qualities  in  the  different  pens. 
Thus,  for  example,  the  pullets  on  the  range  would  be  examined  and  the 
very  best  of  them  selected,  then  this  selected  group  would  be  appor- 
tioned in  the  proper  proportion  to  the  different  pens  in  the  experi- 
ment. The  100-bird  pens  would  receive  twice  as  many  of  this  class 
of  birds  as  did  the  50-bird  pens  and  the  150-bird  pens  three  times  as 
many.  Then  the  second  choice  would  be  made  of  the  pullets  on  the 
range,  and  these  again  divided  among  the  houses  in  the  same  propor- 
tional manner.  This  procedure  assured  as  even  distribution  of  birds 
in  the  several  components  of  the  experiment  as  probably  could  in  any 
way  be  obtained. 

a  Maine  Agricultural  Experiment  Station  Bulletin  100  and  Bureau  of  Animal 
Industry  Bulletin  90. 
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It  is  the  purpose  at  this  point  to  discuss  the  results  of  this  floor- 
space  experiment  only  in  so  far  as  they  have  to  do  with  the  influence 
of  this  factor  on  annual  egg  production.  In  later  parts  of  the  work 
we  shall  discuss  the  results  of  the  experiment  in  respect  to  the  laying 
in  different  months  of  the  year,  and  in  other  ways  shall  attempt"  to 
make  a  closer  analysis  of  the  data. 

We  may  examine  first  the  influence  of  the  factors  size  of  flock  and 
amount  of  floor  space  per  bird  on  the  moan  or  average  annual  egg 
production.  The  data  on  this  matter  are  presented  in  Table  12. 
In  addition  to  the  actual  means  of  the  different  pens  for  each  year 
there  is  also  given  in  the  last  column  of  this  table  the  excess  in  the 
number  of  eggs  produced  per  bird  in  the  50-bird  pens  over  that  in  the 
150-bird  pens.  It  will  be  noted  that  in  this  table  the  actual  means 
are  given.  It  is,  for  obvious  reasons,  not  necessary  to  make  any  modi- 
fication of  any  of  these  averages  to  allow  for  the  effect  of  accidents, 
as  was  done  earlier  in  the  paper  in  discussing  the  change  in  average 
annual  production  from  year  to  year.  Here  the  figures  which  we 
desire  to  compare  are  all  based  on  records  of  the  same  year;  hence 
there  is  every  reason  to  suppose  that  the  influence  of  any  accident 
which  may  have  occurred  will  be  equally  distributed  in  all  parts  of 
the  data.  That  is  to  say,  for  example,  there  is  no  evidence  for  sup- 
posing that  either  of  the  accidents  which  occurred  in  the  years  1905-6 
and  1906-7  affected  the  50-bird  pens  in  a  different  way  from  what 
they  did  either  the  100  or  the  150  bird  pens.  Consequently  we  are 
justified  in  using  the  actual  means  as  they  stand. 

Table  12.    Relation  of  size  of  flock  and  floor  space  lo  mean  annual  egg  production. 


Mean  annual  egg  production. 

Excess  of  50 

Year. 

over  150  bird 

.r)()-l)ir<i  pens. 

100-bird  pens. 

150-bird  pens. 

pens. 

134.00  4  1.98 

133.  01  ±3.  47 

114.54±3.02 

20.0B±3.  61 

1905-K  

140.  31  ±1.  81 

127.  50  ±2.  03 

119.  43±1.54 

20.  88±2.  38 

190(1-7  

114.  l(i±l.  74 

108.53  ±1.92 

101.  08±  1.04 

13.  08±2. 39 

129.  (>9 

123.  21 

111.68 

18.01 

The  data  in  Table  12  are  shown  graphically  in  figure  14.  From 
the  table  and  the  diagram  we  note  at  once  the  following  points: 

1.  It  is  obvious  that  the  mean  annual  egg  production  is  very 
markedly  affected  by  differences  in  the  environmental  factors  with 
which  we  are  dealing.  In  each  year  there  is  a  decided  difference  in 
the  average  production  of  the  different  pens.  Further,  it  is  clear 
that  the  general  trend  of  the  annual  averages  is  downward  as  the 
number  of  birds  in  the  pen  increases.  In  every  instance  the  mean 
for  the  100-bird  pens  is  smaller  than  that  for  the  50-bird  pens  of  the 
same  year,  and  the  mean  for  the  150-bird  pens  is  again  smaller  in 
every  case  than  is  that  for  the  100-bird  pens. 
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2.  The  decrease  in  the  mean  annual  production  as  we  pass  from 
the  50-bird  pens  to  the  100-bird  pens  is,  in  round  numbers,  taking  the 
average  figures  for  the  whole  three  years,  about  6  eggs.  The  differ- 
ence between  these  two  types  of  pens  is  not  altogether  regular  from 
year  to  year.  In  the  year  1904-5  it  is  so  small  as  to  be  insignificant 
in  comparison  with  its  probable  error.  In  1905-6  the  difference  is 
relatively  large,  amounting  to  approximately  a  dozen  eggs.  In 
1906-7  it  is  about  the  average,  namely,  6  eggs.  These  results,  it  will 
be  observed,  are  perfectly  consistent  in  their  general  trend  through- 
out the  whole  course  of  the  experiment,  and  there  appears  to  be  but 
one  conclusion  possible.  That  conclusion  is  that  with  the  general 
plan  of  feeding  and  housing  followed  at  the  Maine  station,  even 


140 


%I30 


I/O 


/OO 


 1 

»-  

 ^ 

( 

\  ^ 

'""« 

• 

SO 
BIROPENS 


/OO 

BIRO  PENS 


150 

BIRO  PENS 


Fig.  14. — Mean  annual  o.£g  production  with  different  amounts  of  door  ^pa:*e  per  bird. 

though  the  amount  of  floor  space  per  individual  bird  remains  the 
same,  the  average  egg  production  per  bird  in  a  year's  laying  is  dis- 
tinctly and  significantly  smaller  when  the  birds  are  in  flocks  of  100 
than  it  is  when  they  are  in  flocks  of  50  birds  each. 

3.  The  differences  between  the  averages  for  100-bird  pens  and  1 50- 
bird  pens  are,  on  the  whole,  distinctly  larger  than  those  between  the 
50-bird  and  the  100-bird  pens.  Taking  average  figures,  the  mean 
annual  production  is  approximately  a  dozen  eggs  smaller  in  the  1 50- 
bird  pens  than  it  is  in  the  100-bird  pens.  As  before,  the  absolute 
amount  of  the  decrease  varies  in  different  years,  although  the  general 
trend  is  entirely  consistent  throughout  the  course  of  the  experiment. 
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From  these  results  it  must  be  concluded  that  under  the  conditions  of 
the  experiment,  when  we  have  the  combined  influence  of  an  increase 
of  number  of  birds  in  the  flock  together  with  a  decrease  in  the 
amount  of  floor  space  per  bird,  there  is  a  notable  decrease  in  the 
average  annual  egg  production. 

4.  If  we  consider  the  maximum  difference  due  to  the  influence  of 
different  amounts  of  floor  space  and  flock  size,  as  shown  between  50 
and  150  bird  pens,  it  is  seen  to  be  large  in  amount  and  relatively  con- 
stant in  different  years.  In  round  numbers,  the  birds  in  the  50-bird 
pens  averaged  to  lay  a  dozen  and  a  half  eggs  more  per  bird  than  did 
those  in  the  1 50-bird  pens.  Such  a  large  difference  is  of  special  inter- 
est, as  showing  what  a  considerable  effect  on  egg  production  the 
environmental  factors  with  which  we  are  dealing  may  have. 

We  may  next  turn  to  a  consideration  of  the  influence  of  size  of 
flock  and  floor  space  per  bird  on  the  variability  in  annual  egg  pro- 
duction. An  examination  of  Table  2  shows  that  as  the  number  of 
birds  per  pen  increases,  the  standard  deviation  in  egg  production  also 
tends  to  increase.  This  indicates  at  once  that  there  is  a  real  increase 
in  the  variability  of  egg  production  of  the  large  as  compared  with  the 
small  flocks  because,  as  has  just  been  pointed  out,  the  mean  egg  pro- 
duction decreases  as  the  size  of  the  flock  increases.  In  order  to 
obtain  a  fair  notion  of  the  change  in  relative  variability,  we  may,  as 
before,  resort  to  the  coefficient  of  variability  as  the  measure.  In 
Table  13  are  given  the  coefficients  of  variation  for  each  of  the  different 
sized  flocks  and  for  each  of  the  three  years  over  which  the  experi- 
ment extended.  In  Table  13,  as  in  Table  12,  there  is  also  given  in  the 
last  column  a  statement  of  the  maximum  differences  shown  in  the 
pens  of  different  sizes. 


Table  1H. — Relation  e>f  size  e>f Jhck  and  floor  spare  to  rariatiem  in  annual  eejej  production. 

Year. 

Ooeflicient  of  variation  in  e^g  production. 

Excess  of 
150  over 
50-bird  pens. 

50-bird  pens. 

Per  cent. 
30.  77±1. 17 
25.  48±0.  97 
30.91±1.18 

100-liird  pens.  150-birdpens. 

1904-5  -  

Per  cent.         Per  cent. 
3I>.  98±2.  07  ,    4<>.  31±2.  23 
31.84±1.23  1  31.72±1.00 
35.  54±1.39  1    40.  43±1.32 

Per  cent. 
9.54±2.52 
0.24±1.39 
9.52±1.77 

1905-0   

1900-7  

Mean  

31.  05 

34.  45               39.  49 

8.43 

The  data  of  Table  13  are  shown  graphically  in  figure  15.  From  the 
table  and  the  diagram  we  note  the  following  points: 

1.  The  relative  variability  in  annual  egg  production  is  evidently 
influenced  very  decidedly  by  the  environmental  conditions.  The 
general  trend  of  the  variability,  as  has  been  pointed  out,  is  to  increase 
as  the  size  of  the  flock  increases,  although  there  is  not  so  great  a 
degree  of  regularity  in  this  change  as  there  is  in  the  case  of  mean  egg 
production. 
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2.  As  to  the  amount  of  change  in  variability  with  the  increase  in 
the  size  of  the  flock,  if  we  take  average  figures,  it  would  appear  that 
it  is  fairly  uniform  from  50  to  100  and  from  100  to  150  bird  pens.  In 
each  case  there  is  an  increase  on  the  average  of  about  4  per  cent  in  the 
coefficient  of  variation.  In  individual  years  the  increase  may  not  be 
uniform.  For  example,  in  1904-5  there  is  practically  no  difference  in 
the  variability  in  the  50  and  100  bird  pens.  Again,  in  1 905-6  the  100- 
bird  pens  and  the  150-bird  pens  show  substantially  the  same  degree 
of  variation.  This  apparent  equality  in  variability  in  egg  production 
in  different  pens  is  probably  to  be  explained,  however,  merely  as  a 
result  of  random  sampling,  the  real  tendency  being  that  indicated  in 
the  average  figures  already  discussed. 


SO  /OO  ISO 

Biff  OPENS         BIROPENS  BIROPENS 

Fig.  15. — Variability  in  annual  egg  production  with  different  amounts  of  floor  space  per  bird. 

3.  Taking  the  maximum  differences  invariability  produced  by  the 
environmental  differences,  we  see  that  they  are  in  the  neighborhood 
of  8  to  10  per  cent.  Since  the  probable  errors  of  these  differences  are 
about  2  per  cent,  it  is  obvious  that  the  effect  on  variation  in  annual 
egg  production  of  the  environmental  factors,  with  which  we  are  deal- 
ing, is  an  entirely  real  and  definite  one.  The  general  result,  from 
present  data,  would  appear  to  be  that  an  environmental  influence 
which  tends  to  lower  the  mean  annual  egg  production  also  tends  to 
increase  the  variability  of  the  egg  production,  so  that  poor-producing 
flocks  are,  at  the  same  time,  very  variable  in  egg  production. 

Putting  all  the  results  of  the  floor-space  experiment  together,  they 
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lead  to  the  conclusion  that  as  the  size  of  the  flock  is  increased  there 
tends  to  be  a  decrease  in  the  average  annual  egg  production  per  bird, 
and  this  relation  holds  true  whether  the  floor  space  per  bird  is  or  is 
not  diminished.  Further,  those  conditions  relative  to  size  of  flock 
and  floor  space  which  tend  to  cause  lower  mean  annual  egg  produc- 
tion also  tend  to  increase  variation  in  the  production  of  the  flock  as  a 
whole.  It  must  be  borne  in  mind  that  these  conclusions  apply  only 
to  annual  egg  production,  and  that  from  them  one  must  not  draw  the 
practical  conclusion  that  it  is  desirable  under  all  conditions  to  keep 
laying  hens  in  small  flocks.  It  will  be  shown  in  Part  II  of  this  paper, 
when  we  come  to  examine  the  influence  of  size  of  flock  and  floor  space 
on  the  egg  production  during  different  seasons  of  the  year,  that  the 
practical  conclusion,  relative  to  the  proper  floor  space  and  size  of 
flock  for  laying  birds,  will  be  somewhat  modified  from  what  one 
would  conclude  from  the  data  here  presented.  For  this  reason  we 
shall  defer  drawing  any  practical  conclusions  from  this  experiment 
or  making  any  suggestions  relative  to  flock  management  in  regard  to 
floor  space  until  the  data  to  be  brought  out  in  Part  II  are  at  hand. 

It  will  no  doubt  have  occurred  to  the  reader  that  the  results  set 
forth  in  this  section  regarding  the  effect  of  a  strictly  environmental 
factor  on  egg  production  have  a  very  significant  bearing  on  the  results 
of  the  breeding  experiment  which  has  been  conducted  with  these 
birds.  It  has  been  shown  that  a  comparatively  slight  environmental 
change  can  in  one  year  produce  relatively  great  changes  in  mean 
annual  egg  production,  and,  still  more  important,  in  the  variability 
of  egg  production.  From  this  fact  alone  it  would  seem  doubtful  if  the 
method  of  breeding  which  has  been  followed  has  made  any  real  change 
whatever  in  the  innate  characteristics  of  the  strain  relative  to  egg  pro- 
duction. A  full  discussion  of  this  point  will,  however,  be  deferred 
until  a  later  section  of  the  paper,  where  the  whole  question  of  the 
influence  of  selection  on  egg  production  will  be  taken  up. 

EGG  PRODUCTION  IN  THE  SECOND  LAYING  YEAR. 

Up  to  this  point  we  have  dealt  entirely  with  the  egg  production 
in  the  first  laying  year,  all  the  egg  records  ending  with  the  second 
October  following  the  hatching  of  the  birds.  In  an  earlier  section  of 
the  paper  it  has  been  shown  that  this  first-year  egg  production  may  be 
taken  as  a  fair  measure  of  the  innate  egg-producing  capacity  of  a 
bird.  It  is,  however,  a  matter  of  some  interest  to  study  egg  pro- 
duction during  the  later  portion  of  a  hen's  life.  Unfortunately  the 
data  available  for  such  a  study  are  exceedingly  meager.  In  the 
records  of  the  Maine  station  there  are  returns  of  more  than  one  year's 
laying  for  less  than  a  hundred  birds.  Furthermore,  these  records  of 
the  laying  during  more  than  one  year  are  not  all  that  could  be  desired 
in  another  respect.  They  are  records  of  selected  birds  and  not  of  a 
random  sample  of  any  particular  flock.    The  birds  chosen  to  be 
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carried  through  more  than  one  year  and  subjected  to  trap-nest  records 
are  in  most  instances  birds  which  laid  unusually  well  during  their 
first  laying  year.  As  a  matter  of  fact,  as  will  appear  later,  the  mean 
egg  profluction  of  these  birds  in  their  first  laying  year  was  higher 
than  any  other  average  production  which  has  ever  been  observed 
at  this  station.  This,  of  course,  is  merely  the  result  of  selecting 
especially  high-laying  birds.  The  available  data  on  egg  production 
in  the  first  two  laying  years  have  already  been  published.3  From 
these  published  data  have  been  taken  only  tire  birds  which  are  re- 
corded as  having  laid  some  eggs,  at  least,  in  both  of  the  first  two 
laying  years.    This  has  given  for  the  present  discussion  the  records 
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Fig.  16. — Frequency  polygons  for  egg  production  during  the  first  and  second  years  of  laying.  The 
solid  line  gives  the  record  of  the  first  year,  the  broken  line  those  of  the  second  year. 

of  the  egg  laying  for  two  years  of  66  birds.  The  egg  records  for  the 
two  years  of  these  birds  are  given  in  Table  III  of  Appendix  I. 

By  grouping  the  egg  production  as  in  the  other  cases  into  class 
units  of  15  eggs  each  and  forming  separate  frequency  distributions 
for  the  first  and  second  years'  laying,  we  have  the  results  shown 
graphically  in  figure  16. 

The  number  of  individuals  involved  is  so  small  that  the  variation 
polygons  are  rather  irregular.  However,  they  siiffice  to  show  the 
general  trend  of  the  variation  in  these  two  periods.  Tt  is  noted  at 
once  that  the  variation  polygon  for  the  first  year's  laying  possesses 
the  same  general  characteristics  as  the  others  which  have  been  dis- 
cussed earlier  in  the  paper.    Further,  as  is  of  course  to  be  expected, 

11  Maine  Agricultural  Experiment  Station  Bulletin  93,  p.  75.  1903. 
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the  diagram  shows  that  the  second  year's  production  is  on  the  average 
very  decidedly  smaller  than  that  of  the  first  year.  The  material 
shows  in  the  first  year  an  observational  range  of  variation  of  190 
eggs — the  lowest-yielding  bird  of  the  lot  having  laid  47  eggs  during 
the  year  and  the  highest  237  eggs.  In  the  second  laying  year  of  the 
same  individuals  the  lowest-yielding  bird  laid  only  8  eggs  during 
the  year  and  the  highest-yielding  bird  185  eggs,  giving  a  total 
observed  range  of  177  eggs. 

While  the  polygons  are  much  too  irregular,  on  account  of  the  rela- 
tive fewness  of  the  individuals  involved,  to  enable  any  final  con- 
clusion to  be  drawn  regarding  such  matters  as  skewness,  yet  it  seems 
to  be  indicated  that  the  polygon  of  variation  for  the  second  year's 
laying  is  much  more  symmetrical  about  the  mean  than  is  that  for 
the  first  year's  laying.  The  first  year  polygon  is  clearly  negatively 
skew,  like  the  great  majority  of  the  other  egg-production  frequency 
distributions  which  we  have  examined. 

Turning  to  the  constants  of  variation  in  egg  production  for  the 
two  years,  we  have  the  results  set  forth  in  Table  14. 

Table  14. — Constants  of  variation  in  first  and  second  year  egg  production. 


Year. 


Moan       I    Standard    Coefficient  of 
e"        i   deviation.  variation. 


First  laying  year   162.95±  3.30     39. 71  ±2. 33  24.37±1.50 

Second  laying  year   100.  47±  3. 99     48.06±2.82  47.84±3.38 


The  first  point  to  be  noted  from  Table  14  is  the  relatively  high  mean 
production  for  the  first  3  ear — in  round  numbers,  163  eggs.  As  has 
been  pointed  out,  this  is  due  merely  to  the  fact  that  it  is  based  on  a 
group  of  birds  selected  for  their  egg  production  and  not  on  a  random 
sample  of  any  year's  flock.  In  the  second  year,  in  this  particular 
case,  the  mean  production  decreased  by  rather  more  than  a  third  of 
what  it  was  in  the  first  year.  Whether  the  difference  between  the 
laying  of  the  first  and  second  years  would  be  the  same  in  a  random 
sample  of  birds  it  is  impossible  now  to  say.  We  hope  later  to  get 
some  definite  evidence  on  this  point. 

It  is  obvious  from  the  table  that,  however  it  is  measured,  the 
second  year's  egg  production  is  very  much  more  variable  than  is 
that  of  the  first  year.  The  standard  deviation  for  the  second  year's 
production  is  nearly  10  eggs  greater  than  is  that  for  the  first  year's. 
Since  at  the  same  time  the  mean  egg  production  has  decreased,  it  is 
obvious  that  the  relative  variability,  as  measured  by  the  coefficient 
of  variation,  must  be  very  much  greater  in  the  second  year.  This  is 
in  fact  the  case.  The  relative  variability  in  the  second  year  is  nearly 
twice  as  great  as  it  is  in  the  first.  It  will  be  noted  that  the  variabil- 
ity of  this  group  of  66  birds,  in  spite  of  the  fact  that  they  were  a 
76208— Bull.  110,  pt  1—09  5 
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selected  lot,  is  not  widely  different  from  what  we  have  found  for 
samples  not  especially  selected. 

A  point  of  much  interest  is  to  determine  what  degree  of  correlation 
exists  between  the  laying  of  the  first  and  the  second  years.  If  a  bird 
is  an  especially  good  layer  in  its  pullet  year  will  it,  on  the  average,  be 
an  especially  good  layer  in  its  second  laying  year;  or,  conversely, 
if  it  is  a  very  poor  layer  in  the  pullet  year  will  it,  in  the  average  case, 
be  an  exceptionally  poor  layer  in  its  second  year  of  life?  The  only 
way  in  which  a  definite  answer  can  be  obtained  to  this  question  is  to 
measure  the  degree  of  correlation  which  actually  exists  between  the 
first  and  the  second  year's  laying,  and  then  see  whether  the  coefficient 
of  correlation  so  obtained  is  significant  in  comparison  with  its  prob- 
able error.  Accordingly,  we  have  calculated  this  coefficient  for  our 
present  material.  On  account  of  the  relatively  small  number  of 
birds  represented  in  the  statistics  we  have  not  grouped  the  material 
in  any  way  in  making  the  calculation.  For  this  material  the  cor- 
relation between  the  first  and  the  second  year's  egg  production  is 
given  by  a  coefficient, 

r  =  0.032  ±0.083 

while  this  correlation  is  positive,  yet  it  is  extremely  small  and  ob- 
viously insignificant  in  comparison  with  its  probable  error.  We  can 
only  conclude  that  so  far  as  any  evidence  from  our  present  material 
is  concerned  there  is  no  sensible  correlation  between  the  egg  produc- 
tion of  the  first  la}ring  year  and  that  of  the  second. 

We  may  next  consider  the  characteristics  of  variation  in  the  com- 
bined egg  production  of  the  first  and  second  laying  years.  This  is  a 
point  of  practical  as  well  as  theoretical  interest,  because  it  has  been 
contended  that  the  proper  measure  of  a  bird's  producing  capacity  is 
the  laying  of  the  first  two  years  rather  than  that  of  the  first  year. 
At  the  present  time  there  are  being  conducted  in  Australia  egg- 
laying  competitions  in  which  the  egg  production  of  the  first  two 
years  is  taken  as  the  unit.  If  we  add  together  for  each  of  our  66 
birds  the  production  in  the  first  and  the  second  year  and  then  form 
a  frequency  distribution,  using  a  class  unit  of  40  eggs,  we  get  the 
distribution  given  in  Table  15.  In  addition  to  the  frequency  dis- 
tribution itself,  there  are  also  included  in  Table  15  the  values  of  the 
chief  physical  constants  deduced  from  the  distribution. 

Table  15. — Distribution  and  constants  of  variation  in  combined  first  two  years'  egg 

production. 


Eggs  laid. 


80-119. 
120-159. 
160-199. 
200-239. 
240-279. 
280-319. 
620-359. 


Frequency. 


Eggs  laid. 


360-399  

Total . 


Mean  

Standard  deviation  

Coefficient  of  variation. 


Frequency. 


(it 


263.  42±5. 84 
70.  29±4. 13 
26.68±1.67 
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It  is  obvious  that  the  general  characteristics  of  variation  in  the 
egg  production  of  the  first  two  years  combined  are  very  similar,  so 
far  as  may  be  judged  from  the  present  material,  to  what  has  been 
found  for  the  production  of  the  first  year  alone.  The  frequency 
distribution  is  apparently  unimodal  and  negatively  skew.  The 
comparatively  low  mean  egg  production  given  by  the  two-year  dis- 
tribution is  obviously  to  be  explained  by  the  fact  just  brought  out 
that  there  is  no  sensible  correlation  between  the  egg  production  of 
the  two  years.  Obviously,  if  the  bird  which  was  a  relatively  high 
producer  in  its  first  laying  year  was  also  always  or  usually  a  relatively 
high  producer  in  the  second  laying  year  we  should  get  a  higher  mean 
egg  production  in  the  same  lot  of  birds  than  that  which  we  have 
here.  With  the  increase  in  the  mean  egg  production  over  that  of  a 
single  year  is  found,  as  would  be  expected,  an  increase  in  the  standard 
deviation.  This  increase,  however,  is  almost  precisely  proportional 
to  that  which  occurs  in  the  mean;  hence  we  are  compelled  to  con- 
clude that  the  relative  variability  in  respect  to  the  first  two  years' 
egg  production  is  not  substantially  different  (as  is  indicated  by  the 
coefficient  of  variation)  from  that  of  the  first  year  alone. 

So  far  as  may  be  judged  from  such  meager  data  as  we  now  have, 
there  seems  no  particular  reason  for  regularly  taking  as  a  unit  in 
egg-production  investigations  or  contests  two  years'  laying  instead 
of  one  year's.  The  important  characteristics  of  variation  appear 
not  to  be  essentially  different  for  the  longer  unit  from  what  they  are 
for  the  shorter.  Such  a  conclusion  can  for  the  present,  however,  be 
only  provisional. 

It  is  much  to  be  regretted  that  more  extensive  material  on  this 
matter  of  egg  production  in  years  subsequent  to  the  pullet  year  is 
not  at  hand.  What  we  have  attempted  to  do  in  this  section  is  to 
discuss  the  very  meager  material  which  now  exists.  It  is  a  part  of 
the  plans  for  future  poultry  work  at  the  Maine  station  to  make 
further  study  of  this  point,  and  we  hope  that  later  we  may  be  able 
to  present  a  fuller  and  more  adequate  discussion  of  the  matter. 

SELECTION  AND  EGG  PRODUCTION. 

We  may  now  turn  to  the  consideration  of  the  results  of  the  breeding 
experiment  which  gave  origin  to  the  statistics  on  which  this  paper  is 
based,  so  far  as  these  results  concern  the  annual  egg  production.  An 
account  of  the  experiment  has  been  given  earlier  in  this  paper 
(pp.  11,  12).  Its  underlying  idea  was  to  improve  the  egg-la3dng 
quality  of  a  particular  strain  of  hens  by  breeding  only  from  the  best 
producers  and  their  sons.  It  should  be  said  that  until  the  last  year 
of  the  experiment  (1906-7)  practically  no  records  were  ever  kept  by 
which  it  could  be  told  what  birds  were  the  parents  of  any  particular 
individual  offspring.    It  was  simply  known  that  only  eggs  of  high- 
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producing  hens  were  incubated  and  that  the  males  that  fertilized  these 
eggs  were  sons  of  lugh-producing  mothers.  In  a  very  few  cases  records 
were  kept  of  the  mothers  of  individual  birds,  and  in  still  fewer  cases 
of  the  fathers.  These  facts  will  make  it  plain  why  it  is  necessary  to 
discuss  the  results  of  this  breeding  experiment  in  the  manner  which 
will  be  followed  in  this  section.  The  lack  of  the  most  fundamental 
data  of  all  in  any  breeding  investigation — namely,  the  pedigree  data — 
makes  it  impossible  to  attack  the  problem  of  the  influence  of  selection 
on  egg  production  in  the  usual  straightforward  fashion.  Obviously, 
the  proper  way  to  study  the  matter  would  be  to  form  correlation 
tables  between  parent  and  offspring  in  regard  to  egg  production  and 
then  evaluate  the  degree  of  intensity  of  inheritance  of  this  character, 
compare  the  variability  in  successive  generations  following  selection, 
etc.  It  is  impossible  to  proceed  in  this  way,  since  we  have  only  mass 
data  instead  of  individual  data.  The  only  conclusions  which  can  be 
reached  must  be  such  as  can  be  deduced  from  mass  data. 

We  may  first  consider  the  question  of  the  degree  of  intensity  of 
the  selection  which  has  been  practiced.  In  the  several  accounts  of 
the  breeding  experiment  °  it  is  stated  that  only  birds  which  laid  160 
or  more  eggs  in  their  pullet  year  were  ever  used  as  breeders.  Now, 
while  at  first  thought  this  may  seem  like  an  entirely  uniform  pro- 
cedure, a  little  consideration  shows  that  it  is  far  from  being  such,  so 
far  as  intensity  of  selection  is  concerned.  All  selection  must  be  of 
or  about  a  type.  This  is  equally  true  whether  the  one  making  the 
selection  has  a  definite  and  fixed  type  in  mind  and  picks  out  individ- 
uals as  nearly  like  it  as  possible,  or,  as  in  the  present  case,  the  selection 
is  made  by  truncating  the  general  population  distribution  and  taking 
as  the  selected  individuals  all  those  falling  in  the  portion  cut  off. 
One  thinks  of  selection  as  most  intense  when  the  selected  individuals 
conform  closest  to  type.  The  most  intense  selection  possible  would 
be  to  take  out  of  a  population  only  those  individuals  which  exactly 
conform  to  the  type  within  the  limit  of  the  unit  of  measurement. 
Thus,  in  the  present  material,  suppose  it  to  be  agreed  that  the  type 
to  which  selection  was  to  be  made  was  an  egg  production  of  180  eggs 
in  the  year.  Then  we  should  get  the  most  intense  selection  possible 
by  taking  as  breeders  only  birds  laying  exactly  180  eggs.  As  birds 
having  productions  differing  from  180  eggs  were  taken,  we  should  be 
selecting  with  less  and  less  stringency. 

These  considerations  indicate  at  once  a  method  whereby  one  may 
measure  with  precision  the  intensity  or  stringency  of  the  selection 
applied  in  any  particular  case.  From  what  has  been  said  it  is 
apparent  that  the  smaller  the  variation  exhibited  by  the  selected 
stock  in  comparison  with  that  exhibited  by  the  general  population 
from  which  the  selection  is  made,  by  so  much  is  the  selection  more 

"  See  particularly  Bureau  of  Animal  Industry  Bulletin  90. 
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intense  or  stringent.  Hence,  if  one  takes  the  ratio  of  the  standard 
deviation  of  the  selected  stock  to  the  standard  deviation  of  the  general 
population,  the  result  will  be  a  coefficient  measuring  intensity  of 
selection.    If  we  use  for  this  coefficient  the  letter  S  we  have 


dp 

wherein  cry  denotes  the  standard  deviation  of  the  selected  stock  and  av 
that  of  the  general  population.  Now  obviously  the  limits  of  this  co- 
efficient S  are  0  and  + 1 .  When  the  selection  is  as  stringent  as  possi- 
ble and  each  selected  individual  is  exactly  like  the  type  (within  the 
limits  of  the  unit  of  measurement),  there  will  be  no  variation  in  the 
selected  stock,  and  hence  <7,fwill  equal  zero,  and  consequently  $  will 
also.  If  on  the  other  hand  the  selected  individuals  are  chosen  at  ran- 
dom, they  will  approach  no  more  closely  to  the  type  than  do  the  indi- 
viduals of  the  general  population.  In  that  case  we  shall  have 
0m  =  op  and  S  =  l.  Between  these  two  limits,  0  and  1,  S  will  vary  in 
magnitude  inversely  as  the  intensity  of  the  selection.  We  may  for 
convenience  call  S  the  coefficient  of  selection. 

In  the  breeding  experiment  on  which  we  are  here  reporting,  only 
hens  laying  more  than  1 60  eggs  in  their  pullet  year  were  used  for  breed- 
ing. Of  such  hens,  so  far  as  we  are  able  to  learn,  practically  all  were 
used.  There  were  a  few  rejections  because  of  small  or  badly  colored 
eggs,  but  the  number  of  such  birds  was  very  small.  As  has  been 
pointed  out  above  (p.  67),  it  is  now  impossible  to  tell  exactly  what 
birds  were  used  as  breeders  in  earlier  years.  Consequently,  we  can 
not  give  absolute  figures  for  the  intensity  of  selection.  What  can  be 
done,  however,  is  to  determine  the  intensity  of  selection  in  each  year 
of  the  experiment,  assuming  that  all  birds  laying  160  or  more  eggs  in 
their  pullet  year  were  used  as  breeders.  The  results  so  obtained,  while 
not  absolutely  correct,  will  come  very  close  to  the  true  facts.  For  all 
practical  purposes  one  may  consider  the  figures  to  give  the  actual 
intensity  of  the  selection  practiced.  In  Table  1 6  it  is  assumed  that  all 
birds  laying  over  160  eggs  in  the  pullet  year  were  mothers  of  the  flock 
of  the  second  year  following  their  hatching. 

Table  1G. — Intensity  of  selection  practiced  in  the  breeding,  1899-1907. 


General 
popula- 
tion 
mean. 


1899-  1900  1  136.  30 

1900-  1901  !  143.44 

1901-  2  j  155.58 

1902-  3   136.48 

1903-  4   117.87 

1904-  5  o  I  129.07 

1905-  fio  i  128.44 

1906-  7o  I  106.99 


Mother's 
mean. 


179.83 
184.83 
188.20 
182.  62 
172.  70 
186.  87 
174.09 
172.33 


Differ- 
ence in 
means. 


General 
i  popula- 
i  tion 
i  standard 
j  devia- 
tion. 


43.  47  1 
41.39 
32.62  | 
46. 14  1 
54.83 
57.80  I 
45.  65 
65.34 


44.03 
45.02 
38.94 
39.  34 
41.43 
51.30 
39.07 
39.09 


Mother's 
standard 
devia- 
tion. 


Differ- 
ence in 
standard 
devia- 
tions. 


Percent- 
l™jn& 

toPogpr 

tion. 


20.  59 
16.06 
20.56 
17.86 
10.86 
18.78 
13.86 
10.84 


23.  44 
28.96 
18.38 
21.48 
30.57 
32.52 
25.21 
28.25 


0.468 
.357 
.528 
.  454 
.262 
.366 
.  355 
.277 


34.28 
42.36 
47.92 
27.88 
15.76 
30.10 
20.94 
8.88 


oFor  these  years,  just  as  in  the  earlier  ones,  all  the  hirds  in  the  flock  are  taken  together  in  determining 
the  constants  in  this  table.  In  selecting  breeding  stock  no  account  was  made  of  the  size  of  the  pens  from 
which  they  came,   llence  we  have  no  reason  to  treat  50, 100,  and  150  bird  pens  separately. 
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From  Table  16  we  note  the  following  points: 

1 .  The  difference  between  the  mean  of  the  selected  stock  (mothers' 
mean)  and  that  of  the  general  population  varies  rather  widely  in  dif- 
ferent years.  It  is,  for  obvious  reasons,  least  when  the  general  popula- 
tion mean  is  highest,  and  greatest  when  the  general  population  mean 
is  lowest.  This  difference  ranges  in  value  from  about  33  eggs  m 
1901-2  to  65  eggs  in  1906-7,  and  averages  48.41. 

2.  Similarly  there  is  considerable  fluctuation  from  year  to  year  in 
the  differences  between  the  standard  deviation  of  selected  stock  and 
the  general  population.  These  differences  range  between  1 8  and  32 
eggs,  with  an  average  of  26.10. 

3.  The  intensity  of  selection,  as  measured  by  the  coefficient,  is 
rather  great  throughout  the  whole  experiment.  In  the  years  when 
the  selection  is  most  stringent  the  coefficient  only  drops  to  a  value  of 
about  one-fourth,  while  in  the  year  of  least  intense  selection  the  value 
is  more  than  one-half.    These  figures  mean  that  never  in  the  course 
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Fig.  17.— Change  in  intensity  ol  selection,  1899-1907. 


of  the  experiment  was  the  selection  more  than  three-fourths  as  strin- 
gent as  it  was  theoretically  possible  to  make  it,  and  it  was  usually 
decidedly  less  close  than  that. 

4.  The  general  trend  of  selection  during  the  period  was  to  become 
relatively  more  stringent;  that  is,  the  value  of  the  coefficient  of  selec- 
tion diminished  during  the  experiment.  This  is  clearly  shown  in 
figure  17.  In  this  figure  the  zigzag  line  shows  the  fluctuation  in  the 
value  of  the  coefficient  in  the  different  years.  The  smooth  line  is  the 
parabola 

y  =  0.4620  -0.0062a;  -0.0020a;2 

the  constants  of  which  were  determined  by  the  method  of  least 
squares. 

The  reason  for  the  decrease  in  the  value  of  the  coefficient  of  selec- 
tion is  clearly  to  be' found  in  the  fact  that  there  was  a  steady  decrease 
in  the  egg  production  of  the  flocks  during  the  experiment,  as  has 
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been  shown  above  (p.  42) .  As  the  laying  becomes  poorer  there  will 
be  fewer  and  fewer  of  the  flock  producing  over  160  eggs.  Conse- 
quently the  variation  exhibited  in  the  selected  stock  will  steadily 
become  smaller  both  absolutely  and  in  proportion  to  that  of  the  gen- 
eral population  (coefficient  of  selection). 

5.  The  last  column  of  the  table  shows  for  each  year  the  propor- 
tion of  the  flock  which  produced  over  160  eggs.  As  we  should  expect 
from  what  has  gone  before,  this  proportion  diminishes  in  the  later 
years  of  the  experiment. 

Having  examined  the  method  and  degree  of  selection  practiced, 
we  may  next  consider  the  results.  According  to  current  theories 
regarding  the  inheritance  of  fluctuating  variations,  the  following  are 
the  primary  and  fundamental  results  which  one  would  expect  to  get 
in  such  an  experiment  as  this : 

1.  A  gradual  and  steady  tendency  for  the  mean  annual  egg  pro- 
duction to  increase  with  each  successive  generation.  Since  all  the 
ancestry  for  at  least  eight  generations  was  selected,  it  would  be 
expected  that  at  the  end  of  this  period  there  would  be  a  marked  gain 
in  egg  production  over  what  existed  at  the  beginning. 

2.  A  small  but  not  the  less  distinct  and  definite  decrease  in  the 
variability  of  egg  production  during  the  course  of  the  experiment. 

3.  A  considerable  degree  of  fixity  of  the  improvement  gained,  such 
that  ordinary  environmental  fluctuations  would  not  in  a  single  genera- 
tion cause  all  that  had  been  presumably  gained  by  selection  to  be  lost. 

Now,  it  has  been  shown  in  this  paper  that,  so  far  as  annual  egg 
production  is  concerned,  the  actual  results  obtained  in  this  breeding 
experiment  are  as  follows: 

1 .  The  only  change  which  occurred  in  the  mean  egg  production, 
aside  from  individual  year  fluctuations,  was  a  small  but  entirely  defi- 
nite decrease  during  the  eight  years  (pp.  39-42).  Further  the  per- 
centage of  exceptionally  high  producers  in  the  flocks  has  somewhat 
decreased  during  the  course  of  the  experiment,  and  at  the  same  time 
the  proportion  of  extremely  poor  producers  has  slightly  increased 
(p.  48). 

2.  The  variation  in  annual  egg  production  has  remained  unchanged 
throughout  the  course  of  the  experiment  except  for  minor  fluctua- 
tions in  individual  years  (p.  46) . 

3.  There  is  no  evidence  that  the  quality  of  high  egg  productive- 
ness is  any  more  fixed  in  the  strain  at  the  end  of  the  experiment 
than  it  was  at  the  beginning.  During  the  last  three  years  of  the 
experiment  it  has  been  definitely  shown  that  a  relatively  small 
environmental  change  is  able  to  produce  a  very  large  difference  in 
the  mean  egg  production  in  flocks  of  hens  of  exactly  the  same  selected 
ancestry  (pp.  58-63).  Such  a  result  could  not  occur  if  the  character 
had  been  fixed  by  the  selective  breeding. 
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These  results  we  believe  to  be  of  great  interest  and  importance, 
alike  from  the  standpoint  of  evolution  theory  and  that  of  practical 
poultry  husbandry.  While  in  a  sense  they  mark  a  failure  to  attain 
that  for  which  the  work  was  undertaken — namely,  an  improvement 
of  egg  laying  by  this  particular  method  of  breeding — yet  they  possess 
much  educational  value.  We  have  here  an  extensive  selection 
experiment  carried  out  in  the  traditional  time-honored  fashion,  but 
with  records  of  a  character  which  make  it  possible  to  appreciate  the 
net  results  with  certainty.  These  results  are  not  in  accord  with 
current  theoretical  ideas,  but  they  are  in  remarkable  accord  with 
the  experience  of  Nilsson  at  the  Svalof  experiment  station  in  breeding 
cereals,  as  recently  described  by  De  Vries. a  This  is  sufficiently  shown 
by  the  following  quotation.  Speaking  of  the  earlier  experience  of 
the  Svalof  station  in  breeding  cereals  by  the  ordinary  method  of 
continued  selection,  De  Vries  says  (loc.  cit.,  pp.  62  and  63): 

The  deficiencies  of  the  method  could  not  escape  observation.  All  those  which  were 
of  purely  technical  nature  could  be  overcome,  and  on  this  side  of  the  problem  a  high 
degree  of  perfection  was  attained.  But  there  were  other  weak  points  which  were 
related  to  the  very  foundation  principles  of  the  method.  Among  these,  the  principal 
one  was  that  the  continuous  selection  of  the  best  specimens  in  an  arbitrary  direction 
did  not  lead  to  improvement  in  all  cases.  Quite  on  the  contrary,  success  was  rare; 
so  rare,  even,  that  it  could  almost  be  looked  upon  as  an  exception.  The  fact  itself 
was  not  new,  since  in  Germany,  also,  only  in  exceptional  cases  a  real  improvement 
had  been  obtained.  But,  of  course,  usually  only  successful  instances  are  published, 
and  concerning  the  remainder  ordinarily  no  evidence  is  at  hand. 

In  Svalof,  however,  where  numerous  experiments  of  the  same  kind,  but  with  differ- 
ent varieties  of  cereals,  were  conducted  side  by  side,  the  fact  could  not  escape  obser- 
vation. Soon  the  idea  suggested  itself  that  if  success  is  an  exception,  the  principle 
involved  in  the  method  can  hardly  be  a  valuable  one,  at  least,  not  one  on  which 
the  breeder  may  confidently  rely. 

The  fact  that  in  the  present  case  of  long-continued  selection  for  a 
particular  kind  of  animal  production  we  get  results  so  exactly  par- 
alleling those  obtained  in  plant  breeding  when  the  same  method  of 
selection  is  practiced  is  certainly  an  interesting  one.  A  strong  argu- 
ment of  those  who  have  endeavored  to  controvert  the  views  of  De 
Vries  regarding  the  significance  of  fluctuating  and  mutational  varia- 
tion in  the  creation  or  amelioration  of  varieties  has  been  the  history 
of  domesticated  animals.  Is  the  idea  that  all  improvement  of  breeds 
on  the  animal  side  has  been  brought  about  by  the  continued  selec- 
tion of  small  "fluctuating"  variations  as  well  grounded  as  it  is  com- 
monly supposed  to  be? 

It  appears  to  us  to  be  idle  to  attempt  any  explanation  at  present 
as  to  why  this  breeding  experiment  resulted  as  it  did.  Of  the 
objective  results  we  are  certain,  and  we  have  endeavored  to  set  them 
forth  clearly  and  distinctly.  But  for  the  interpretation  of  them  we 
need  much  additional  data  which  we  do  not  as  yet  possess.  Such 
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data  we  hope  in  course  of  time  to  accumulate.  Beginning  with  the 
breeding  season  of  1908  we  shall  have  an  exact  individual  pedigree 
record  of  every  individual  bird  in  the  station's  poultry  plant.  These 
records  must  ultimately  throw  light  on  the  meaning  of  our  present 
selection  results. 

The  practical  conclusion  to  be  drawn  from  the  results  of  this 
breeding  experiment  seems  to  us  to  be  clear.  It  is  that  the  improve- 
ment of  a  strain  of  hens  in  egg-producing  ability  by  selective  breeding 
is  not  so  simple  a  matter  as  it  has  been  supposed  to  be.  Nothing 
could  be  simpler  than  breeding  from  high  producers  to  get  high  pro- 
ducers. But  if  this  method  of  breeding  totally  fails  to  get  high 
producers — in  other  words,  if  the  daughters  prove  not  to  be  like  the 
mothers  in  egg  production — it  can  not  fail  to  excite  wonder  as  to 
whether  the  simplicity  of  the  method  is  not  its  chief  (possibly  its 
only)  recommendation.  Anyone  who  makes  a  thorough  first-hand 
study  of  an  extensive  selection  experiment  carried  out,  as  was  this 
one,  by  the  so-called  German  method  without  testing  the  transmit- 
ting power  of  individual  organisms,  can  not  fail  to  be  impressed,  we 
believe,  with  the  fact  that  the  improvement  of  a  race  by  selective 
breeding  is  a  vastly  more  complicated  matter  than  it  is  assumed  to 
be  by  those  who  maintain  that  one  need  only  to  breed  from  the  best 
to  insure  improvement.  The  supposed  ''facts"  of  heredity  on  which 
the  practical  stock  breeder  (working  for  utility  points)  operates  are 
in  very  large  part  inferences  rather  than  tacts.  What  is  needed  more 
than  anything  else  for  the  advancement  of  the  stock-breeding  indus- 
try in  all  its  phases  is  an  accumulation  of  definite  knowledge  of  the 
fundamental  principles  of  the  hereditary  process.  All  breeding  oper- 
ations must  be  based  on  the  laws  of  inheritance  in  organisms.  The 
practical  stock  breeder  is  able  to  work  out  the  applications  of  these 
laws  for  himself.  What  he  most  needs  is  broader  and  deeper  knowl- 
edge of  the  laws  themselves.  This  knowledge  must  come  from  thor- 
oughgoing purely  scientific  investigations. 

SUMMARY  OF  RESULTS  AND  CONCLUSIONS. 

This  paper  constitutes  Part  I  of  a  general  study  of  egg  production 
in  the  domestic  fowl.  It  deals  with  variation  in  annual  egg  pro- 
duction. For  the  purposes  of  this  investigation  "annual  egg  pro- 
duction" is  taken  to  be  the  total  laying  in  a  year  beginning  with 
November  1 .  For  the  most  part  the  present  paper  is  concerned  with 
the  egg  production  of  the  pullet  year.  The  data  on  which  the  work 
is  based  are  the  trap-nest  records  kept  since  1898  at  the  Maine 
Agricultural  Experiment  Station  in  connection  with  an  experiment 
in  breeding  by  selection  for  high  egg  production. 

The  chief  results  of  this  part  of  the  investigation  are  summarily 
stated  in  the  following  paragraphs.    Unless  something  directly  to 
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the  contrary  is  said,  all  the  statements  in  this  summary  have  to  do 
with  the  egg  production  in  a  single  variety,  namely,  the  Barred 
Plymouth  Hock. 

1.  Variation  in  annual  egg  production  exhibits  the  following 
characteristics:  (a)  The  observed  range  of  variation  is  from  zero  to 
about  250  eggs;  (6)  the  distributions  are  usually  unimodal  and 
unsymmetrical.  The  asymmetry  or  skewness,  when  it  exists,  is 
always  in  the  negative  direction;  that  is,  the  modal  egg  production 
is  always  larger  than  the  mean  egg  production,  (c)  The  amount  of 
variation  in  egg  production  is  both  absolutely  and  relatively  large. 
The  mean  value  of  the  coefficient  of  variation  from  all  our  data  is 
about  34  per  cent,  (d)  Variation  in  egg  production,  so  far  as  our 
statistics  show,  belongs  to  the  type  of  continuous,  so-called  ' '  fluctuat- 
ing" variation. 

2.  Analytically  considered,  such  of  the  variation  polygons  as  are 
skew  are  found  to  conform  to  Pearson's  Type  I  curve.  The  sym- 
metrical distributions  belong  either  to  his  Type  II  or  the  normal 
curve  of  errors.  The  range  of  variation  is  in  nearly  all  cases  greatly 
overestimated  by  the  theoretical  curves.  It  is  pointed  out  that  this 
appears  to  be  a  characteristic  of  fecundity  curves  frequently. 

3.  It  is  shown  that  during  the  period  covered  by  the  statistics 
(1899-1907) ,  which  covers  practically  the  whole  period  of  the  breeding 
experiment,  there  has  been,  apart  from  fluctuations  up  and  down  in 
individual  years,  a  small  but  steady  decrease  in  the  mean  or  average 
annual  egg  production. 

4.  During  the  same  period  (1899-1907)  the  variabilitjr  in  annual 
egg  production  has  not  sensibly  changed.  There  have  been  chance 
fluctuations  up  and  down  in  individual  years,  but  there  has  been  no 
steady  trend  toward  lower  or  higher  variability.  The  same  state- 
ment applies  to  the  skewness  of  the  distributions  in  the  period  covered 
by  the  investigation. 

5.  The  percentage  of  extremely  high  layers  (producing  more  than 
195  eggs  in  the  pullet  year)  in  the  flock  decreased  during  the  period 
from  1899  to  1907.  The  percentage  of  exceptionally  poor  layers 
(producing  less  than  45  eggs  in  the  pullet  year)  in  the  flock  increased 
during  the  same  period. 

6.  The  general  characteristics  of  variation  in  annual  egg  produc- 
tion in  White  Wyandottes  are  essentially  similar  to  those  described 
above  for  variation  in  Barred  Plymouth  Rocks. 

7.  Evidence  from  the  literature  is  presented  tending  to  show 
(a)  that  it  is  possible  to  get  average  annual  egg  yields  higher  than 
any  of  those  which  have  been  observed  at  the  Maine  Experiment 
Station,  and  (b)  that  records  exist  showing  that  in  exceptional  cases 
average  annual  egg  yields  were  obtained  during  the  middle  and  earlier 
half  of  last  century,  which  were  just  as  high  as  any  we  now  know. 
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8.  When  the  laying  liens  were  kept  in  flocks  of  100  birds  each  the 
average  annual  egg  production  per  bird  was  distinctly  and  signifi- 
cantly lower  than  when  they  were  kept  in  flocks  of  50  birds  each, 
though  the  number  of  square  feet  of  floor  space  per  bird  was  the  same 
in  the  two  cases  and  all  other  environmental  conditions  were  made 
as  nearly  as  possible  identical. 

9.  Laying  birds  kept  in  flocks  of  150  birds  each,  and  with  some- 
what less  floor  space  per  bird  than  those  kept  in  flocks  of  50  and  100 
birds  each,  have  in  every  case  an  average  annual  egg  production 
significantly  smaller  than  that  of  the  birds  kept  in  smaller  flocks. 
It  is  pointed  out  that  great  caution  must  be  shown  in  drawing  practical 
conclusions  from  these  results  relative  to  housing  because  we  are 
here  dealing  only  with  annual  egg  production. 

10.  Those  conditions  of  housing  and  flock  size  which  tend  to 
lower  the  mean  annual  egg  production  are  found  to  tend  to  increase 
the  variability  of  the  production,  so  that  poor  producing  flocks  are 
at  the  same  time  flocks  very  variable  in  production,  and  vice  versa. 

11.  Egg  production  in  the  second  laying  year  is  found,  on  the 
basis  of  rather  meager  data,  to  average  about  a  third  lower  and  to  be 
distinctly  more  variable  than  that  in  the  pullet  year.  There  is  no 
sensible  correlation  between  the  production  of  the  first  and  second 
year. 

12.  During  the  period  covered  by  the  statistics  all  birds  used  for 
breeding  have  been  the  offspring  of  mothers  laying  160  or  more  eggs 
in  their  pullet  year  and  of  fathers  which  were  the  sons  of  high- 
producing  mothers.  It  is  now  possible  to  determine  what  have 
been  the  results  of  this  extensive  experiment  in  selection.  It  is 
shown  that  the  intensity  or  stringency  of  selection  became  relatively 
greater  during  the  progress  of  the  experiment,  though  the  absolute 
standard  of  selection  remained  the  same.  It  is  further  shown  that 
there  is  no  evidence  that  the  selective  breeding  practiced  has  improved 
the  strain  in  respect  to  egg  production.  On  the  contrary,  the  data 
show  that  (a)  the  mean  egg  production  has  diminished  during  the 
experiment,  (b)  the  variability  in  egg  production  has  remained 
unchanged,  and  (c)  in  the  last  years  of  the  experiment  relatively 
slight  environmental  changes  caused  very  marked  changes  in  the 
flock  productiveness.  This  is  obviously  inconsistent  with  the  view 
that  any  particular  type  of  egg  production  has  in  any  way  been  fixed 
in  the  strain  by  the  breeding. 
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In  the  following  three  tables  are  given  the  detailed  raw  data  on  which  the  present 
paper  is  based: 

Table  I. — Egg  production  of  Barred  Plymouth  Rocks. 


Eggs  produced 
in  pullet  year. 

Number  of  birds  producing  in  each  year  the  specified  number  of  eggs. 

1899- 
1900. 

1900- 
1901. 

1901-2 

902-31 1 

|l904-5 
pens. 

1904-5 
100- 
bird 
pens. 

1904-5 
150- 
bird 

pens. 

II  II 
1905-6  1905-611905-6  1906-7  1906-7 
50-     100-    150-  1  50-  100- 
bird  |  bird   bird,  j  bird  bird 
pens,  j  pens.  |  pens,  j  pens,  j  pens. 

190C.-7 
150- 
bird 
pens. 

1  1  1 

2  j  1 

1 
1 
2 
2 

_.    —- j--r  — 

1 

2  

3  

I  ' 

1  4 

4  

 !  j  

2 

5  

2 

0  

1 

1 
1 

1 

1 

7  

1 

1 

9  

1 

Z 

10  

 J.  . 

1 
1 

11  

| 

1 

1 

14  

! 

1 

l 
l 
l 

15  

i 

1 

17  

1 

18  

1 

19  

1 

1 

1 
1 
1 

20  

1 

21  

1 

22  



 1  !  

1 

l 

1 

23  

1 

2 

1 

24  

1 

25  

1  |       1  1 

1 

26  

1 
1 



1 

27  

28  

1 
1 

2 
1 

29  

1 

1 

2 

 , 

30  

1 

1 

31  

.    .  . 

l 

1 

1 

32. 

i 

1 



1 

33 

1 

1 

34  

1 



35  

1 

36  

l 

1  ,  2 

1 

37  

1 
1 

2 
2 

1 

38  

1 

39  

1 

1 

2 
1 

2 

1 
1 

1 
1 

2 

40  

1 

41  

. 

i 

42  

i 

l 
l 

1 

1 
1 
2 
1 
1 
1 

43  

i 

1 

44  

1 

2 
2 
2 

1 

1 
1 

1 

45  

1 

46  

1 

1 

47  

1 

l 
l 

1 
1 

48  

1 

2 

2 

49  

 !  

2 



1 
1 

50  

l 
i 

1 

2 

51  

1 



1 

l 
l 

1 

1  1 

52  

1 

2 

1 
1 

53  

1 

1 

1 

54  

1 

l 
l 

2 
2 

1 

1 

2 

55  

l 

1 

2 
2 
1 

56  

1 

3 

57  

58  

1 

1 
1 
1 

3 
1 

59  

l 

1 

4 

60  

1 

2  1 

1 

1 

61  

l 

1 

3 
2 
1 

62  

1 

1 

1 

63  

i 

1  1  1 
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Number  of  birds  producing  in  each  year  the  specified  number  of  eggs. 


Eggs  produced 
in  pullet  year.  I  j1900_ 

1900.  1901. 


1904-5  1904-5  1904-5  1905-6:1905-6  1905-6  1906-7  1906-7  1906-7 
100-  I  150-  I  50-  j  100-  |  150- 
bird  |  bird  '  bird  j  bird  ]  bird 
pens,  i  pens.  pens.  pens. !  pens. 


 1  1  

1 

 j  1 

3 

1 

 :  1   

1 

3 
1 

2 

l 

2  2 

1 

2 
1 
1 

o 



1  ;  1 
1  2 
1   

2   



1  1  1  

1 
4 
1 
3 
1 

  1   

1  4 

1  i  1 
1  !  2 
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Table  I. — Eijg  production  of  Barred  Plymouth  Rocks — Continued. 


Number  of  birds  producing  in  each  year  the  specified  number  of  eggs. 


;s  produced 
?ullet  year. 

1899- 
1900. 

J^J}"  :1901-2'l902-3  1903-t 

1 

1904-5 
50- 
bird 
pens. 

1904-51904-5 
100-  1  150- 
bird  bird 
pens.  pens. 

1905-6 
50- 
bird 
pens. 

"  r 

1905-6  1905-6 
100-  1  150- 
bird  bird 
pens.  pens. 

1906-7 
50- 
bird 
pens. 

1906-7 
100- 
bird 

pens. 

1906-7 
150- 
bird 
pens. 

4 

1 

3 
2 
1 

1 

2  i  1 

o 
2 
2 
1 
1 
2 
3 
2 
2 

1 

3 
o 

1 
2 
1 

1 
1 
4 

2  1 

1 

4 

1  1  3 

1  2 

2  1  3 

2 
2 
1 

1 

1 
1 

1 

2 
2 
2 
3 

1 

2 
3 

2  !  2 

i 

1 

1 

2 
4 
4 
4 

5 

1 

3 



2 

1  2 

2 
1 
1 

2 
1 

1 

3 
1 

3 
2 

1 
1 
1 
1 
1 
2 

1 

2 

2 
2 

1 

4 

1 

1 

1 

3 
•> 

A 

1 

1 

3 
2 
1 
4 

3 
2 

2 
1 

3 
1 

1 

3 

1 

1 
1 

2 
1 
2 
1 
3 
1 

3 
3 
4 
1 

1 

1  2 
4  1 
4  3 
1  I 

1 

2 



4 
1 

2 

1 
1 
1 

.... 

2 

1 
1 

1 

2 

2  2 

1 
5 

3 

1  1  I  3 

2  1  !  2 

1         li  1 

1 

2 

3 
3 
4 
2 

...... 

3  '       2  1 

2 
3 
1 

1 

1 
1 
1 

3 

2 
4 
2 
1 
2 
1 
1 
2 
1 
2 
3 

1  i  2 
1  i  2 
1  i  2 
4  1  1 

2 ;  i 

\ 

1 

2 
1 

1 

1 

1 

2 
2 

1 

1 
1 

1 

4 

2 

1 
5 
3 
5 
1 
3 
1 
1 

5 

1 

1 

1 

3 

1 
1 

2 
1 
3 
2 
2 
1 
1 
1 
2 
1 

1  !  1 

2 

3  1  1 

1 
5 
1 
1 

2 

1 

2 

1         1  1  1 

2 

1 
2 

1 
1 

2 

2  i  1 

2 
2 
3 
1 

1 
1 

0 
1 

2 
1 

2 
1 

1 
1 
1 

1 

2 

3  !       1  1 

4 

2 
1 

1 

3 

1  1  1 
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3 
3 
1 
1 
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1 
1 

1 

2 
1 

1 
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1 
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1 
1 

3 

1 
2 
1 

1  ,  1 

2  1 

1 
1 

1 

1 

2 
1 

1 

1 

1  3 

5 
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1 
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1 
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1 
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1 

1 

1 

1 
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1 

1 

3 
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1 
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2 
3 

1  2 

3 

1 
1 

1 
1 

1 

1 

1 

1 

2 

s 

1 

1 
1 

1 

1  1 

1 

3 

1 
1 

1 

1 

1 

1 

1 



I 

1 

1 



1 

1 

1 

1 

2 
1 

1 
1 

! 

2 
1 

L 

2 

1 

1 



1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

4 
5 

2 

1 

2 
1 

1 

1 

1 

1  ;  3 

'1 

2 

2 

2 
4 
3 
1 

2 



1 
1 

1 

! 

 1  

1 

1 

1 

1 

2 

1 

1 

.  . . 

1 

2 
2 
1 

1 
1 



1 

1 



"l  1 

1 

1 
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Eggs  produced 
in  pullet  year. 

Number  of  birds  producing  in  each  year  the  specified  number  of  eggs. 

1899- 
1900. 

1900- 
1901. 

! 

1901-2  1902-3 

1 

1903-4 

1904-5 
50- 
bird 

pens. 

1904-5 
100- 
bird 

pens. 

1904-5 
150- 
bird 

pens. 

1905-6 
50- 
bird 

pens. 

1905-6'l905-6'l906-7 
100-  |  150-  1  50- 
bird  |  bird  |  bird 

pens. !  pens.  pens. 

1906-7,1906-7 
100-  I  150- 
bird  bird 

pens,  j  pens. 

215  

1 

1 

1 

217  

i 

1 

220  

  2 

1 

221  



1 

1 



222  



1  i  1 

 1  1 

1 



225  

226  

1 

2 

' 

234  

1 

237  

1 

240  •.  

i  i  

246  

I  1 

1 

248  

1 

Total . . . 

70 

85 

48  i  147 

254 

283  1  92 

140 

178 

182 

275  j    187  |  185 

281 

Table  II. — Egg  production  of  White  Wyandottes. 


„                  A  A 

r.ggs  produced 
in  pullet  year. 

Number  of  birds 
producing  in 
each  year  the 
specified  num- 
ber of  eggs. 

Eggs  produced 
in  pullet  year. 

Number  of  birds 
producing  in 
each  year  the 
specified  num- 
ber of  eggs. 

Eggs  produced 
in  pullet  year. 

Number  of  birds 
producing  in 
each   year  the 
specified  num- 
ber of  eggs. 

1899- 
1900. 

1900-1 1901-2 

1899- 
1900 

1900-1 

1901-2 

1899- 
1900 

1900-1 

1901-2 

1  

i 

115  

1 

160  

2 

10  

1 

117  

1 

161  

3 

1 

22  

1 

118  

1 

1 

162  

1 

36  

1 

119  

1 

3 

i 

163  

1 

2 

41  

1 

120  

2 

2 

164  

1 

52.  

1 

121  

1 

165  

1 

54  

1 

124  

2 

166  

i 

2 

55  

1 

125  

1 

167  

l 

1 

60  

1 

126  

2 

,171  

2 

61  

1 

127  

1 

I  173  

1 

2 

62,  

1 

1 

128  

2 

2 

3 

1  175  

1 

64  

1 

129  

1 

1 

176  

1 

65  

1 

130  

1 

1 

178  

2 

66  

1 

131  

'  T 

179  

2 

68  

2 

132  

1 

i 

180  

1 

72  

1 

134  

l 

181  

i 

78  

2 

1 

l 

136  

1 

i 

183  

l 

80  

1 

137  

1 

184  

1 

81  

1 

138  

i 

185  

1 

82  

l 

139  

i 

i 

186  

2 

83  

1 

140  , 

i 

2 

191  

1 

86  

1 

141  

1 

i 

193  

1 

87.  

2 

2 

142  

2 

l 

195  

1 

1 

90  

2 

143  

2 

196  

1 

93  

1 

144  

1 

2 

203  

1 

98  

1 

146  

1 

207  

1 

99  

1 

1 

147  

1 

208  

1 

1 

100  

1 

149  

1 

2 

209  

1 

103  

1 

150  

i 

214  

1 

104  

2 

152  

1 

217  

1 

i 

107  

2 

1 

i 

153  

1 

l 

226  

l 

108  

2 

1 

l 

154  

l 

233  

l 

109  

l 

155  

1 

110  

l 

150  

2 

l 

1 

Total.... 

70 

72 

33 

113  

1 

i 

159  

3 
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Table  III. — Egg  production  of  the  same  individual  hens  in  the  first  and  second  laying 

years. 


Eggs  laid  in — 

Eggs  laid  in — 

Eggs  laid  in — 

Eggs  laid  in — 

First 

Second 

First 

Second 

First 

Second 

First 

Second 

year. 

year. 

year. 

year. 

year. 

year. 

year. 

year. 

101 

01 

135 

.  _ 
101 



195 

100 

190 

_   

88 

175 

8 

137 

108 

200 

170 

170 

103 

155 

118 

165 

105 

185 

147 

189 

13 

105 

112 

151 

82 

209 

138 

95 

82 

175 

94 

154 

94 

234 

150 

177 

58 

181 

159 

120 

115 

191 

73 

175 

98 

142 

89 

143 

40 

99 

07 

187 

86 

191 

94 

129 

125 

183 

124 

107 

51 

165 

151 

191 

147 

107 

22 

200 

185 

109 

40 

151 

150 

01 

20 

209 

102 

140 

103 

138 

148 

213 

137 

170 

107 

KiO 

145 

208 

127 

185 

100 

51 

SO 

201 

30 

237 

102 

92 

35 

181 

70 

130 

130 

103 

71 

190 

143 

47 

44 

184 

99 

211 

145 

109 

30 

192 

133 

152 

162 

190 

10 

74 

12 

155 

110 

170 

172 

182 

34 
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U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
Washington,  D.  C,  March  10,  1910. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"A  Biometrical  Study  of  Egg  Production  in  the  Domestic  Fowl. 
II.  Seasonal  Distribution  of  Egg  Production,"  by  Drs.  Raymond 
Pearl  and  Frank  M.  Surface.    Part  I  of  this  work,  dealing  with  the 
variation  in  annual  egg  production,  was  published  last  year  as  Bulle- 
tin 110,  Part  I,  of  this  Bureau.    I  respectfully  recommend  that  the 
present  paper  be  published  as  Part  II  of  that  bulletin. 
Respectfully, 

A.  D.  Melvin, 
Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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A  BIOMETRICAL  STUDY  OF  EGG  PRODUCTION  IN  THE 

DOMESTIC  FOWL. 


II.  SEASONAL  DISTRIBUTION  OF  EGG  PRODUCTION." 


INTRODUCTION. 

In  Part  I  of  tliis  study  6  the  subject  dealt  with  was  variation  in 
total  annual  egg  production.  This  phase  of  egg  production  formed 
the  logical  starting  point  for  a  general  investigation  of  the  subject, 
and  furnished  an  outline  or  programme  of  the  underlying  problems 
which  must  be  solved  in  such  a  general  investigation.  Annual  egg- 
production  records  furnish  final  mass  results.  There  are  involved 
in  the  attainment  of  these  total  annual  results  a  large  number  of 
individual  factors.  The  ultimate  purpose  of  the  study  of  egg  pro- 
duction must  be  to  separate  and  analyze  each  one  of  these  factors 
individually  so  that  it  may  be  possible  to  control  in  greater  or  less 
degree  total  annual  egg  production  through  an  intimate  knowledge 
of  the  individual  factors  on  which  it  depends. 

In  starting  the  analytical  investigation  of  the  problems  outlined 
by  the  study  of  total  annual  production,  the  first  question  which 
presents  itself  is  as  to  how  egg  production  is,  in  general,  distributed 
throughout  the  year.  It  is,  of  course,  a  perfectly  well-known  fact 
that  on  the  average  a  flock  of  hens  will  not  have  just  one-twelfth  of 
their  total  yearly  production  in  each  month  of  the  year.  Certain 
seasons  of  the  year  have  been  recognized  from  the  beginning  of  the 
domestication  of  poultry  as  primarily  egg-producing  seasons,  whereas 
in  certain  other  seasons  it  has  always  been  particularly  difficult  to 
get  eggs. 

The  whole  matter  of  the  seasonal  distribution  of  egg  production  is 
extremely  important  from  a  practical  as  well  as  from  a  theoretical 
standpoint.  The  differences  in  the  seasonal  distribution  of  egg 
production  cause  corresponding  differences  in  the  price  of  eggs.  In 
that  season  of  the  year  when  the  poultryman  finds  it  hardest  to  get 

"Papers  from  the  Biological  Laboratory  of  the  Maine  Agricultural  Experiment 
Station,  No.  20. 

b  A  Biometrical  Study  of  Egg  Production  in  the  Domestic  Fowl.  I.  Variation  in 
Annual  Egg  Production.  U.  S.  Department  of  Agriculture,  Bureau  of  Animal  Indus- 
try, Bulletin  110,  pp.  1-80.  1909. 
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eggs  he  is  able  to  get  the  highest  prices  for  such  as  he  can  send  to 
market. 

The  practical  importance  of  a  study  of  the  seasonal  distribution  of 
egg  production  is  well  brought  out  if  one  compares  in  regard  to  this 
matter  hens  whose  total  annual  production  is  the  same.  Such  a  com- 
parison for  a  few  individuals  has  been  made  in  a  recent  paper  by  the 
present  writers."  It  is  there  shown  that  the  money  return  is  not 
by  any  means  the  same  for  all  ''"iOO-egg"  hens.  A  "200-egg"  hen 
may  bring  in  less  money  in  a  year  than  a  bird  laying  very  consider- 
ably fewer  eggs,  but  producing  them  at  a  time  when  prices  are  high. 
The  aim  of  the  practical  poultryman  is  to  increase  as  much  as  possible 
his  winter  egg  production.  The  matter  of  learning  how  to  increase 
winter  egg  production  is  one  of  the  primary  problems  which  is  under 
investigation  at  the  present  time  in  connection  with  the  poultry 
work  at  the  Maine  Experiment  Station. 

From  the  theoretical  side  the  investigation  of  the  seasonal  distri- 
bution of  egg  production  is  of  the  highest  importance.  Egg  produc- 
tion is  a  part  of  the  reproductive  process  in  birds,  and  in  the  wild 
progenitors  of  domestic  poultry  it  was  only  great  enough  for  the 
perpetuation  of  the  race.  Around  this  primary,  inherent  egg- 
producing  ability  all  the  improvement  in  egg  production  shown  by 
modern  breeds  of  fowls  has  been  built.  In  attempting  to  learn  the 
underlying  principles  which  have  made  this  improvement  possible 
lies  the  only  hope  that  we  may  be  able  to  continue  the  improve- 
ment in  the  future.  It  is  important  to  know  with  as  great  exactness 
and  detail  as  possible  how  the  added  egg  production  of  modern  races 
relates  quantitatively  and  seasonally  to  the  egg  production  of  the 
wild  representatives  of  the  genus  Oallvs. 

It  is  the  purpose  of  this  part  of  the  paper  to  analyze  the  total 
annual  egg-production  records  of  the  Maine  station  in  respect  to  the 
seasonal  distribution  of  production.  In  this  analysis  the  month 
will  be  taken  as  the  unit  of  discussion.  The  reason  for  taking  the 
month  as  the  unit  is  not  primarily  a  theoretical  but  a  practical  one. 
It  is  obvious  enough  that  a  division  of  the  year  into  calendar  months 
is  an  arbitrary  one  from  the  standpoint  of  the  biology  of  egg  pro- 
duction. There  is,  for  example,  no  natural  or  inherent  reason  for 
including  an  egg  laid  on  Tuesday,  February  1,  with  a  different  group 
from  that  in  which  an  egg  laid  on  Monday,  January  31,  is  placed. 
The  practical  reason  which  makes  it*  necessary  to  use  the  month  as 
the  first  unit  for  the  finer  analysis  of  the  total  annual  production  is 
that,  previous  to  the  laying  year,  beginning  November  1,  1907,  there 
are,  in  the  egg-production  records  of  the  station,  no  data  available  for 
smaller  units  of  grouping  than  calendar  months.    From  that  date 

« Poultry  Notes — 1908.  Maine  Agricultural  Experiment  Station,  Bulletin  165, 
pp.  29-48.  1909. 
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to  the  present  time  a  daily  egg  record  for  each  individual  hen  has 
been  preserved.  In  the  older  records  of  the  station  the  month  is  the 
smallest  unit  of  which  account  was  kept  in  the  permanent  records. 

While  at  first  thought  there  may  seem  to  be  serious  theoretical 
objections  to  the  use  of  the  month  as  a  unit  in  the  study  of  egg  pro- 
duction, because  of  its  somewhat  arbitrary  and  unnatural  character, 
yet  a  little  consideration  will  show  that  any  fixed  unit  of  egg  produc- 
tion whatsoever,  except  the  day,  is  an  arbitrary  and  in  some  degree 
unnatural  one.  Calendar  months  are  not  more  open  to  criticism  in 
this  regard  than  are  any  other  time  units.  In  spite  of  the  fact  that  the 
month  is  a  more  or  less  arbitrary  division  of  the  year  from  the  stand- 
point of  the  biology  of  the  hen,  it  yet  remains  that  much  of  import- 
ance may  be  learned  regarding  the  seasonal  distribution  of  egg  pro- 
duction by  the  analytical  study  of  monthly  records,  and  this  unit  is 
on  the  whole  probably  more  satisfactory  for  the  purpose  than  any 
other  fixed  time  unit  which  could  in  actual  practice  be  taken.  The 
truly  natural  seasonal  divisions  of  the  year  in  respect  to  egg  produc- 
tion are,  we  believe,  considerably  larger  than  the  month.  Evidence 
in  our  possession,  a  part  of  which  will  be  presented  in  this  paper, 
has  led  to  this  conclusion.  At  the  present  time  the  egg  records  of 
the  station  are  being  discussed  on  the  basis  of  the  division  of  the  year 
into  these  larger  seasonal  periods."  Before  this  could  be  done,  how- 
ever, it  was  necessary  to  know  the  facts  regarding  the  monthly  dis- 
tribution. To  make  any  adequate  analytical  study  of  the  subject 
of  seasonal  distribution  a  unit  is  necessary  which  is,  on  the  one  hand, 
longer  than  the  day  (otherwise  the  true  seasonal  changes  will  be 
obscured  by  the  minor  fluctuations  of  daily  records)  and  on  the  other 
hand  shorter  than  the  natural  seasonal  divisions  of  the  year.  The 
month  as  a  unit  stands  between  these  extremes. 

With  the  month  as  a  unit  for  a  discussion  of  the  seasonal  distribu- 
tion of  egg  production,  a  whole  series  of  problems  suggest  themselves, 
as,  for  instance:  What  is  the  mean  or  average  production  for  each 
month  of  the  year  with  large  flocks  of  birds  when  uniform  methods  of 
feeding  and  management  are  followed  throughout  the  year?  What  is 
the  exact  form  of  the  mean  monthly  egg  production  curve  for  the  year  ? 
What  is  the  comparative  variability  in  respect  to  egg  production  in  the 
different  months  of  the  year?  Is  the  variability  greatest  in  those 
months  where  the  mean  production  is  highest,  or  vice  versa  ?  Or  is 
there  no  relation  between  mean  production  and  variability  in  pro- 
duction ?  In  general,  what  is  the  form  of  a  monthly  egg  production 
variability  curve  for  the  year?  These  questions  again  suggest  others. 
Is  the  seasonal  distribution  curve  of  egg  production  of  the  same  char- 
acter in  different  years;  and  Is  the  seasonal  curve  of  variability  in 
egg  production  of  the  same  type  in  different  years?    How  nearly 


<»Cf.,  for  example,  Maine  Experiment  Station,  Bulletins  1G5  and  16G,  1909. 
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alike  are  these  curves  for  different  breeds  of  fowls  and  under  different 
climatic  conditions  or  methods  of  management  ? 

In  the  previous  part  of  this  study  an  account  was  given  of  the 
experiment  carried  on  at  the  Maine  station  for  nine  years  to  ascertain 
the  effect  of  selection  on  average  annual  egg  production.  It  was 
shown  in  that  paper  that  the  general  trend  of  the  average  annual  egg 
production  had  been  downward  throughout  this  time,  although  a  rigid 
selection  of  high-producing  parents  had  been  maintained  during  the 
period.  In  the  present  part  of  the  investigation  we  have  to  consider 
what  was  the  effect  of  this  method  of  breeding,  so  far  as  the  monthly 
distribution  of  egg  production  was  concerned.  Is  the  general  trend 
of  the  average  production  for  each  month  of  the  year,  when  consid- 
ered separately,  downward  or  not  during  these  years  1  It  is  conceiv- 
able that  winter  egg  production,  for  example,  might  have  been  in- 
creased during  these  years  that  the  total  production  was  decreasing. 
Was  this,  as  a  matter  of  fact,  the  case?  It  is  of  great  importance 
from  the  standpoint  of  the  study  of  methods  of  breeding  for  egg  pro- 
duction to  know  what  was  the  effect  of  the  method  of  selection  prac- 
ticed on  the  monthly  averages  throughout  the  period. 

A  further  set  of  problems  has  to  do  with  the  correlations  which 
exist  in  regard  to  egg  production  in  the  different  months  of  the  year. 
On  the  average,  will  hens  that  are  high  producers  in  December,  let  us 
say,  be  also  high  producers  in  July  ?  It  is  of  the  greatest  importance, 
practically  as  well  as  theoretically,  to  know  just  how  closely  each 
month's  production  is,  on  the  average,  associated  or  correlated  with 
the  production  in  every  other  month  in  the  year.  If  a  poultry  keeper 
is  only  able  on  account  of  financial  or  other  reasons  to  test  the  pro- 
duction of  his  hens  with  trap  nests  during  a  part  of  the  year,  which 
month  or  months  will  give  him  the  best  estimate  of  what  the  total 
yearly  production  will  probably  be  for  each  hen  ? 

These  statements  will  give  some  idea  of  the  general  standpoint 
from  which  this  second  part  of  the  investigation  is  undertaken  and  of 
the  character  of  the  problems  with  which  it  deals.  It  is  not  desirable 
to  take  further  space  here  to  set  forth  in  detail  the  specific  problems 
which  are  discussed  in  this  portion  of  the  work.  These  details  will 
be  considered  in  connection  with  the  sections  of  the  paper  where  the 
data  bearing  upon  the  several  problems  are  discussed. 

MATERIAL  AND  METHODS. 

The  statistical  material  which  forms  the  basis  of  this  part  of  the 
work  is  the  same  as  that  which  was  used  in  Part  I.  It  comprises  the 
trap-nest  records  of  egg  production  during  the  pullet  years  from 
November,  1899,  to  November,  1907,  at  the  Maine  Agricultural 
Experiment  Station.  As  was  set  forth  in  Part  I  of  this  study,  the 
number  of  hens  making  complete  yearly  records  in  this  period  was 
2,407.  A  full  account  was  also  given  of  the  way  in  which  these 
records  were  collected,  so  it  will  not  be  necessary  to  repeat  this  here. 
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Instead,  whenever  it  becomes  necessary  in  the  discussion  of  monthly 
egg  production  reference  will  be  made  to  the  account  given  in  Part  I. 

In  this  part  of  the  study  we  are  dealing  with  the  monthly  produc- 
tion in  each  month  of  the  years  above  enumerated.  All  the  statistics 
are  for  pullet-year  production.  The  data  of  the  present  paper  analyze 
the  total  annual  production  into  its  monthly  components.  It  will  be 
recalled  (see  Part  I,  pp.  16-19)  that  in  certain  of  the  years  one  or 
another  sort  of  accident  occurred  to  interfere  with  the  egg  production 
of  certain  months.  Due  account  will  be  taken  of  this  fact  in  the  dis- 
cussion of  the  records  in  this  part  of  the  study. 

The  detailed  data  on  which  this  part  of  the  work  is  based  are  given 
in  tabular  form  in  Appendix  II  at  the  end  of  this  paper.  In  these 
tables  are  given  for  each  month  of  the  period  discussed  the  un- 
grouped  frequency  distributions  of  egg  production.  It  will  be  seen 
by  referring  to  the  tables  that  the  unit  classes  of  egg  production 
ranging  from  zero  to  31  are  arranged  horizontally  while  the  vertical 
units  are  years  and  flocks.  The  first  line  of  Table  I  may  be  taken 
as  an  illustration  of  how  these  tables  in  general  are  to  be  read.  From 
this  it  is  seen  that  70  birds  were  available  for  record  in  November, 
1899.  Of  these  70  birds  39  failed  to  lay  at  all  in  November  and, 
therefore,  have  a  zero  record.  One  bird  laid  one  egg  during  the  month; 
three  laid  two  eggs,  and  so  on.  This  table  gives  the  ultimate  data 
on  which  this  whole  study  is  based.  From  these  raw  data  it  will  be 
possible  for  anyone  who  cares  to  do  so  to  check  up  at  every  point  the 
computed  constants. 

The  biometric  methods  used  in  the  analysis  of  the  statistical 
material  in  this  part  of  the  work  are  in  general  not  different  from 
those  which  were  used  in  Part  I  (pp.  20-24).  We  have  made  use 
here,  as  before,  of  the  ordinary  biometric  constants  and  their  prob- 
able errors.  A  few  words  should  be  said,  however,  regarding  some 
methods  of  computation  which  have  been  used  in  the  present  paper. 
The  constants  for  monthly  egg  production  have  been  calculated 
directly  from  the  ungrouped  frequency  distributions  of  the  appendix. 
Since  ungrouped  distributions  were  used,  and  since,  further,  as  will 
be  apparent  to  anyone  studying  these  distributions,  there  is  no  ap- 
proach to  high  contact  at  one  end  of  the  distributions  at  least, 
Sheppard's  correction  of  the  second  moment  has  not  been  used  in 
calculating  the  standard  deviations.  Instead  the  raw  second  moment 
has  been  used  throughout.  The  computations  have  been  very  vcare- 
fully  checked,  this  being  done  in  most  cases  independently  by  two 
different  persons.  In  nearly  every  case  the  tabled  constants  have 
been  checked  independently  three  or  four  times.  It  is  hoped  that 
there  are  no  errors  in  the  computations  remaining  in  the  published 
work,  although  it  is  impossible  in  so  extensive  a  piece  of  statistical 
work  as  this  to  be  absolutely  sure  that  minor  arithmetical  slips  have 
not  gone  by  unnoticed. 
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MEAN  EGG  PRODUCTION  IN  EACH  MONTH  OF  THE  YEAR. 

In  undertaking  the  discussion  of  the  monthly  distribution  of  egg 
production  it  is  obvious  that"  the  most  logical  point  at  which  to 
begin  is  with  the  mean  or  average  monthly  production  for  each  month 
of  the  year.  These  monthly  averages  give  the  fundamental  data 
around  which  the  remainder  of  the  discussion  clearly  must  center. 

The  values  of  the  mean  or  average  monthly  egg  production  of 
the  Maine  station's  Barred  Plymouth  Rock  flocks  for  the  period 
from  November,  1899,  to  November.  1907,  are  given  in  Table  1.  In 
this  table  is  given  for  each  month,  year,  and  pen  the  actual  mean 
number  of  eggs  per  bird  produced  during  that  month  and  the  probable 
error  of  this  mean.  There  is  also  included  for  each  month,  year,  and 
pen  the  percentage  which  the  actual  monthly  average  for  that  month 
is  of  the  total  production  for  the  year.  Thus,  from  the  first  row  and 
column  of  Table  1  it  appears  that  in  November,  1899,  the  average  egg 
production  per  bird  was  4. .'31  ±.48,  and  that  this  egg  production 
was  3.1  per  cent  of  the  total  annual  average  production  for  that  year. 
It  was  pointed  out  in  Part  I  that  in  the  years  1904  to  1907  the  birds 
were  kept  in  pens  of  three  different  sizes,  containing,  respectively,  50 
100,  and  150.  For  these  years  averages  are  given  in  the  table  for 
each  of  these  flock  sizes.  In  the  last  three  lines  of  the  table  are  given 
the  weighted  means  of  egg  production  for  each  of  these  three  years. 
These  weighted  means  were  calculated  in  exactly  the  same  way  as 
were  the  weighted  means  for  annual  production  for  the  same  years 
in  Part  I  (p.  27).  The  number  of  birds  finishing  records  in  each  year 
is  given  in  the  last  column  of  the  table. 

Table  1. — Average  monthly  egg  production  and  percentage  of  total  yearly  production  of 
Barred  Plymouth  Rod:  flocks  at  Maine  Experiment  Station.  IS'J'J  to  1907. 


Year  and  pen. 


November 
actual 
mean. 


1899-  1900  

1900-  1901  

1901-  2  

1902-  3  

1903-  4  

1904-  5: 

50-bird  pens  

100-bird  pens  

150-bird  pens  

1905-  0: 

50-bird  pen  

100-bird  pens  

150-bird  pens  

1906-  7: 

50-bird  pen  

100-bird  pens  

150-bird  pens  

1904-  5,  weighted  mean. 

1905-  0,  weighted  mean. 
1900-7,  weighted  mean. 


3l±.4S 
08±.40 
33  ±.81 
93  ±.42 


Per 
|  cent 
of  an-; 
nual.  I 


3.  1 
2.  1 

4.  1 
4.4 


.04±.  19 
.  45± .  55 
..  64±.41 

.29  ±.35 
.38±.32 
.C7±.22 

.  25±.  25 

'.'>»±'.h 

.28  ±.28 
5.  24 
4.89 
3.  70 


3.5 
5.0 
5. 0 

4.5 
4.2 
3.  1 


4.  1 
3.9 


December 
actual 
mean. 


10.  29 ±.73 

8.  19±.05 
12.02±.S2 

4.  52±.35 

5.  50±.24 

5.03±.30 
10.  07±.52 
9. 17±.40 

9.  86±.40 
0.91±.44 
9.00±.38 

4.  70 ±.33 
0. 1(>±.39 
7. 84  ±.32 

7.49 

9.70 

(i.  40 


cent.  !  cent 

1%  t^: 


7.7 

3.4 
4.7 

4.2 

8.3 
8.  1 

7.1 
7.8 
8.  L 


5.9 
7.7 


10.BO±.53 

12.  34 ±.58 
15.  2 1 ±.50 

5. 94  ±.43 
8.  72 ±.32 

10.03±.34 
11. 11±.51 
10.72±.45 

13.83±.38 

13.  27  ±.  38 
12.  41  ±.34 

5.  70  ±.33 
4.  32  ±.33 
4.07±.27 

10.41 

13.  07 
4.S7 


9.8 
4.  4 
7.4 


8.  li 

9.  5 

9.  } 
10.  5 
10.  5 


8.2 
10.3 


February 
actual 
mean. 


9.  S3  ±.55 
14.27±.45 

11.  «7±.58 
9.02±.38 

12.  27 ±.29 

13.  4S±.20 
11.  28±.  43 

9.  11±.39 

14.  40 ±.29 
13.  39 ±.33 
11.  04±.28 

10  49 ±.32 
5  18  ±.30 
0  82 ±.28 
11. 90 
12.  93 
7.41 


Per 
cent 
of  an- 
i  nual. 


7.2 
9.9 
7.5 
7.2 
10.4 

10.  1 

8.7 
8.1 

10.4 
10.5 
9.8 


9.4 
10.2 
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Table  1.  —Average  monthly  egg  production  and  percentage  of  total  yearly  production  of 
Barred  Plymouth  Rock  flocks  at  Maine  Experimental  Station,  1899  to  1907 — Cont'd. 


Year  and  pen. 


1899-  1900  

1900-  1901  

1901-  2  

1902-  3  

1903-  4  

1904-  5: 

60-bird  pens  

100-bird  pens  

ISO-bird  pens  

1905-  6: 

50-bird  pen  

100-bird  pens  

150-bird  pens  

1906-  7: 

50-bird  pen  

100-bird  pens  

150-bird  pens  

1904-  5,  weighted  mean.. 

1905-  6,  weighted  mean . 

1906-  7,  weighted  mean. 


March 
actual 
mean. 


Per 
cent 
of  an- 
nual. 


13. 04±.47 
17. 14±.45 
17. 17±:47 
14.90±.33 
17.27±.28 

17.98±.23 
12.23±.42 
12.02±.41 

18. 29  ±.26 
17.33±.29 
17.02±.20 

17.72±.30 
13.96±.31 
14.05±.2B 

15. 33 

17.  46 

15. 33 


9.5 
12.0 
11.1 
11.2 
14.6 

13.5 
9.5 
10.6 


14.3 


April 

actual 
mean. 


12. 1 

13.8 


16.09±.44 
18. 04  ±.42 
18.50±.50 
17.71±.32 
14.78±.24 

15.  51  ±.24 

15.  68 ±.42 
13.16±.3fi 

16. 48± .  23 
15.08±.20 
15. 20± .  20 

17. 12+.28 

16.  41  ±.28 
15.21±.24 

14.  90 

15.  52 
16. 10 


Per 
cent 
of  an- 
nual. 


11.8 
12.6 
11.9 
13.3 
12.5 

11.7 
S.7 
11.6 

11.8 
11.9 
12. 8 


11.1 

12.2 


May 
actual 
mean. 


15. 29  ±.46 
15.45±.45 
16. 25±.5S 
17.02±.31 
11. 63  ±.23 

13.  79 ±.27 
14.36±.41 
11.96±.41 

11.42±.27 
10.  74 ±.29 
10. 07  ±.23 

14.  43 ±.31 
15.23±.3() 
12. 93  ±.24 

13. 39 
10.90 
14.01 


Per 
cent 
of  an- 
nual. 


11.2 
10.8 

10.  5 
12.7 

9.9 

10.4 

11.  1 
10.  6 

S.  6 
S.  5 
9.0 


10.5 
8.  6 


June 
actual 
mean. 


12.53±.51 
14.33±.49 
16. 88± .  40 
15.83±.33 
12.27±.20 

12.59±.20 
13.34±.46 
10.  22 ±.42 

13. 47  ±.24 

12.  76±.30 
11.65±.23 

11. 13±.30 

13.  11  ±.30 
10.62±.26 

12.  08 
12.  48 
11.47 


Per 
cent 
of  an- 
nual. 


9.2 
10.0 
10.9 
11.8 
10.4 

9.5 
10.3 
9.0 

9.7 
10.1 
9.8 


9.5 
9.8 


Year  and  pen. 

July 
actual 
mean. 

Ter 
cent 
of  an- 
nual. 

August 
actual 
mean. 

Per 
cent 
of  an- 
nual. 

Septem- 
ber 
actual 
mean. 

Per 
cent 
of  an- 
nual. 

October 
actual 
mean. 

I'cr 
cent 
of  an- 
nual. 

Total 
aver- 
age 
pro- 
duc- 
tion." 

Num- 
ber 
of 
birds. 

1899-1900  

11.90±. 

46 

8.7 

11.54±. 

52 

8.4 

9.30± 

6.8 

6. 14±. 

50 

4.5 

136.86 

70 

1900-1901  

13. 18±. 

47 

9.2 

U.6(>±. 

52 

8.1 

10.34± 

7.  2 

5.40±. 

48 

3.S 

143.  42 

85 

14.90±. 

59 

9.6 

13.21± 

M 

8.5 

».29± 

75 

{{.  0 

3.75±. 

60 

2.4 

155. 18 

48 

1902-3  

13.57±. 

33 

10.2 

12.  58  ± 

40 

9.4 

10.57± 

-11 

7.9 

5.  40  ±. 

39 

4.0 

133.65 

147 

1903-4  

10. 18  ±. 

24 

8.0 

10.03± 

27 

8.5 

9.93± 

28 

8.4 

5.  33  ±. 

25 

4.5 

117.97 

254 

1904-5: 

50-bird  pens. . 

10. 87  ±. 

26 

8.2 

10.62± 

27 

8.0 

10.82± 

31 

8.1 

7.16  + 

30 

5.4 

133.  12 

283 

100-bird  pens. 

11.64±. 

50 

9.0 

10. 75  ± 

49 

8.  3 

10.62± 

55 

8.2 

5. 49  ±. 

48 

4.2 

133.  62 

92 

150-bird  pens. 

9.81±. 

44 

8.7 

8. 10± 

38 

7.2 

7.49± 

41 

6.6 

5.5!)±. 

36 

4.9 

112.99 

140 

1905-fi: 

50-bird  pen... 

10.49± 

27 

7.5 

9.37± 

28 

6.7 

9.73± 

33 

7.0 

5.  80  ± 

33 

4.2 

139.49 

178 

100-bird  pens. 

9.84± 

31 

7.8 

7. 05± 

28 

5.6 

7.  42± 

33 

5.  8 

■1.  66± 

31 

3.8 

126.  83 

182 

150-bird  pens. 

9.09± 

25 

7.7 

0.09± 

24 

5.6 

6.79± 

27 

4.29± 

24 

3.6 

118.75 

275 

1900-7: 

50-bird  pen.. . 

12.27± 

30 
32 

11.69± 

27 
33 

4.52± 

21 

113.02 

187 

100-bird  pens. 

11.48± 

11.6li± 

7.99± 

32 

108.79 

185 

150-bird  pens. 

10.03± 

27 

9.26± 

25 

4.67± 

''3 

100.98 

281 

1904-5,  weighted 

mean  

10.  72 

8.4 

>.\.  96 

7.8 

9. 88 

7.8 

6.  43 

5.  1 

126.95 

515 

1905-6.  weighted 

mean  

9.70 

7.0 

7.  54 

5.9 

7.79 

6.  1 

4.81 

3.  S 

126.  86 

635 

1906-7,  weighted 

mean  

11.08 

10.64 

5.  57 

106.  64 

653 

a  Obtained  by  adding  the  averages  for  the  several  months  of  the  year.  The  figures  in  this  column  do  not 
agree  absolutely  with  those  given  in  Table  2  of  Part  1,  owing  to  difference  in  the  arithmetical  procedures 
involved.   The  differences  are  insignificant  in  amount  and  do  not  affect  the  results  in  any  way. 

Before  discussing  in  detail  the  individual  monthly  averages  for  the 
several  years  as  given  in  Table  1,  it  will  be  well  to  have  at  hand  a 
summarized  statement  of  these  data.  It  is  desirable  to  have  the 
weighted  mean  production  for  each  month  of  the  year,  as  based  on 
the  whole  period  covered  by  our  statistics.  By  taking  the  data 
from  the  whole  period  in  this  way  and  obtaining  the  weighted  mean 
for  each  month,  it  will  be  possible  to  get  rid  of  the  disturbing  effects 
of  the  chance  fluctuations  coming  in  from  year  to  year  to  influence 
the  egg  production.  The  weighted  mean  monthly  curve  will  give 
us  a  more  just  general  idea  of  the  normal  distribution  of  monthly 
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production  than  can  be  obtained  directly  from  the  detailed  figures. 
In  calculating  such  weighted  mean  monthly  productions  the  proper 
basis  of  the  weighting  is  obviously  that  which  has  been  used  pre- 
viously in  this  study,  namely,  to  weight  each  month's  production  for 
a  given  year  with  the  number  of  birds  which  made  the  record. 

In  calculating  the  weighted  mean  monthly  figures  it  will  be  proper, 
of  course,  to  include  only  months  in  which  the  egg  production  was 
normal.  In  those  months  where  an  accident  of  any  kind  interfered 
with  the  egg  production  the  average  for  that  month  of  that  particular 
year  obviously  should  not  be  included  with  the  records  from  the 
other  years.  Consequently,  in  determining  the  weighted  means  we 
have  omitted  all  months  in  which  accidents  occurred  as  described  in 
Part  I  (loc.  cit.). 

The  weighted  mean  monthly  productions  obtained  in  the  manner 
indicated  are  given  in  Table  2.  Column  1  of  this  table  gives  the 
absolute  weighted  mean  egg  production  per  bird  for  each  month  of 
the  year.  The  second  column  gives  what  may  be  termed  the  integral 
curve  of  mean  monthly  egg  production.  The  figures  in  this  column 
are  obtained  by  adding  successively  to  the  sum  already  obtained  the 
average  for  each  particular  month  as  given  in  column  1 .  The  figures 
so  obtained  show  what  is  the  average  number  of  eggs  produced  per 
bird  up  to  the  end  of  the  designated  month  on  the  basis  of  the  sta- 
tistics here  under  consideration.  An  example  will  make  the  mean- 
ing of  this  column  of  the  table  clear.  From  the  entry  in  column  2 
it  appears  that  in  the  eight  years  from  1900  to  1907  the  average 
number  of  eggs  per  bird  laid  up  to  the  end  of  March  in  the  pullet 
year  is  52.23. 

In  columns  3  and  4  of  the  table  are  given  the  data  of  columns  1 
and  2  in  relative  or  percentage  form.  Column  3  gives  for  each 
month  the  percentage  which  the  weighted  mean  production  per  bird 
of  that  month  (as  given  in  column  1)  is  to  the  total  yearly  production. 
Column  4  gives  the  integral  curve  of  the  data  of  column  3.  The 
significance  of  the  figures  in  column  4  may  again  be  illustrated  by 
an  example.  From  the  data  in  this  column  it  appears  that,  on  the 
average,  taking  the  results  for  the  whole  period  covered  by  the  study, 
40.52  per  cent  of  the  total  number  of  eggs  produced  in  the  pullet  year 
were  laid  before  April  1.  Column  5  of  the  table  gives  the  years  from 
which  records  were  used  to  obtain  the  data  in  the  preceding  columns. 
This  column  shows  what  years  had  a  particular  monthly  record 
omitted  because  of  an  accident  in  that  month.  Thus,  for  example, 
it  may  be  seen  that  in  determining  the  weighted  mean  production 
for  the  month  of  November  the  data  from  the  laying  year  1903-4 
were  not  included.  Reference  to  page  17  of  Part  I  of  this  study 
shows  that  the  reason  for  this  was  that  the  birds  made  no  record  in 
November,  1903,  because  they  were  not  moved  into  the  laying  house 
that  year  until  the  5th  of  December. 
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Table  2. — Weighted  mean  monthly  egg  production,  with  monthly  and  periodical  per- 
centages. 


Month. 

Absolute 
weighted 
mean  egg 
production 
per  bird 
for  month. 

Absolute 
weighted 
mean  egg 
production 
from  No- 
vember 1 
of  pullet 
year  to  the 
end  of  the 
month. 

Percentage 
of  total 

yearly  pro- 
duction 
during 
month. 

Percentage 
of  total 
annual 
yield  be- 
tween No- 
vember 1 
and  end  of 
month. 

Years  from  which  data  were  taken 
in   computing    weighted  monthly 
means.* 

November  

February 

March  

April  

May  

June  

July  

August  

September  

October  

Total  

dumber. 
4.C3 
8.91 
11.71 
10. 87 
16]  11 
15.85 
13.92 
12.46 
10.87 
9. 84 
8.19 
5.50 

Number. 
4.63 
13.54 
25.25 
36. 12 
52.23 
68.08 
82.00 
94.46 
105.  33 
115.17 
123.  36 
128. 86 

Per  cent. 
3.59 
6.91 
9.08 
8.  44 
12]  50 
12.30 
10.80 
9.67 
8.44 
7.64 
6.36 
4.27 

Per  cent. 
3.59 
10.50 
19.58 
28. 02 
4a  52 
52.82 
63.62 
73.29 
81.73 
89.37 
95.73 
100.00 

1899, 1900, 1901, 1902,  1904,  1905,  1906. 

1899. 1900,  1901,  1904,  1905. 
1900,  1901,  1902, 1904,  1905,  1906. 

1900  1901  1902  1903  1904  1905  1906  1907. 
1900]  190l]  1902]  1903]  1904]  1905'  1906*,  1907. 
1900,  1901, 1902,  1903, 1904, 1905, 1907. 

1900. 1901,  1902, 1903,  1904,  1905,  1907. 
1900, 1901 , 1902, 1903, 1904, 1905, 1906, 1907. 
1900, 1901 , 1902, 1903, 1904, 1905, 1906, 1907. 
1900, 1901 , 1902, 1903, 1904, 1905, 1906, 1907. 
1900, 1901, 1902, 1903, 1904, 1905, 1906, 1907. 
1900, 1901, 1902, 1903, 1904, 1905, 1906. 

128. 86 

100.00 

"  In  the  years  for  which  data  are  not  included  in  any  particular  month  either  an  accident  interfered 
with  the  egg  production  in  that  month  or  there  was  no  record  for  that  month  in  those  years. 


With  the  fundamental  data  given  in  Table  I  of  the  appendix  and 
Tables  1  and  2  of  this  section  in  hand,  we  may  proceed  to  the  dis- 
cussion of  the  specific  problems  with  which  this  part  of  the  work  has 
to  do. 

THE  MONTHLY  DISTRIBUTION  OF  EGG  PRODUCTION. 

The  first  question  which  needs  to  be  considered  is  as  to  the  general 
form  of  the  monthly  egg-production  curve.  In  the  discussion  of 
this  matter  here  use  will  be  made  only  of  the  Barred  Plymouth  Rock 
data  already  presented.  The  data  given  in  column  1  of  Table  2  may 
be  taken  as  the  basis  from  which  to  gain  a  general  idea  of  the  form 
of  the  monthly  egg  distribution  polygon.  In  figure  1  these  data  are 
shown  graphically. 

It  may  be  noted  from  the  data  given  in  Table  2  and  figure  1  that — 

1.  The  form  of  the  monthly  egg-production  polygon  is  in  general 
somewhat  like  that  of  a  frequency  curve  of  variation.  The  polygon 
has  a  single  peak,  and  from  that  point  slopes  down  toward  the  base 
line  on  both  sides.  The  peak  comes  at  a  point  not  far  from  the  middle 
of  the  laying  year  with  the  limits  here  used. 

2.  Considering  the  form  of  the  polygon  somewhat  more  in  detail, 
we  note  that  the  line  starts  from  a  low  point  in  November  and  rises 
rather  rapidly  and  in  almost  a  straight  line  to  January.  The  slope 
of  the  line  from  January  to  February  is  downward.  In  other  words, 
there  is  an  indentation  in  the  ascending  limb  of  the  egg-production 
polygon  in  the  month  of  February.  This  is  a  very  charaeteristio 
feature  of  the  distribution  of  egg  production,  not  only  observed 
with  the  birds  here  under  discussion  but  also  in  published  records 
from  other  sources. 

56681°— Bull.  110,  pt  2—11  2 
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A  study  of  Table  1  shows  that  this  is  generally  true  for  every  year 
covered  by  the  investigation.  While  the  February  mean  production 
is  not  necessarily  actually  lower  than  the  January,  though  this 
is  true  in  many  cases,  there  is  a  perceptible  slowing  of  the  rate  of 
increase  in  egg  production  which  has  obtained  up  to  that  time.  The 
most  probable  interpretation  of  this  appears  to  us  to  be  that  the  Feb- 
ruary indentation  in  the  egg-production  curve  represents  a  rest  or 
reaction  after  the  winter  laying  and  in  anticipation  of  the  heavy 
March  and  April  production.  It  marks  the  completion  of  a  laying 
cycle  on  the  part  of  those  birds  which  have  been  laying  during  the 
winter  months.  After  the  maximum  is  reached  in  March,  the  descend- 
ing limb  of  the  egg-production  polygon  begins.  This  limb  is  very 
nearly  a  straight  line  over  its  whole  extent.  There  is,  however,  a 
slight  but  characteristic  indentation  to  be  noted  in  May.    This,  like 


NOV.   DEC.  JAN.    FEB.  MAR  /IPf).  MAY  JUNE  JUiy  AUG.  SEPT.  OCT 
Fig.  1.— Diagram  showing  the  weighted  mean  monthly  egg  production  for  each  month  of  the  pullet  year. 

the  February  falling  off  in  production,  is  probably  to  be  regarded 
as  the  result  of  a  reaction  after  a  period  of  heavy  laying.  It  marks 
the  completion  of  the  spring  laying  cycle.  The  May  depression  is, 
further,  an  expression  of  the  normal  brooding  season  following  the 
heavy  laying  of  March  and  April.  From  May  on  the  line  descends 
in  a  nearly  straight  course  to  a  low  point  in  the  last  month  of  the 
laying  year,  October. 

3.  The  slope  of  the  ascending  limb  of  the  production  curve  is 
steeper  than  that  of  the  descending  limb.  The  rise  in  egg  production 
to  the  maximum  is  more  rapid  than  is  the  descent  from  that  point. 

The  curve  of  mean  monthly  egg  production  is  shown  in  integral 
form  in  figure  2.  This  method  of  dealing  with  the  data  brings  out 
some  additional  points.  The  curve  shown  in  this  figure  is  the  graph 
of  columns  2  and  4  of  Table  2. 
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From  figure  2  and  the  data  in  Table  2  we  note — 

1.  The  average  egg  production  for  the  whole  pullet  year,  taking 
the  whole  period  covered  by  the  statistics  into  consideration,  was 
128.86  eggs. 

2.  Of  this  total  annual  production,  28.02  per  cent  (or  36.12  eggs) 
is  produced  in  the  winter  months  (November  1  to  March  1 ) .  In  this 
third  of  the  year  only  about  two-sevenths  of  the  total  number  of  eggs 
are  laid. 

3.  In  the  period  from  November  1  to  July  1,  73.29  per  cent  of  the 
total  number  of  eggs  is  produced.  Or,  in  other  words,  in  the  first 
two-thirds  of  the  laying  year  nearly  three-fourths  of  the  year's  eggs 
are  laid. 


NOV.    DEC.  JAN.    FEB-  MAR.  JtPff.  MAY  JUNE  JULY  AUG   SEPT  OCT. 

Fio.  2.— Integral  curve  of  weighted  mean  monthly  egg  production,  showing  the  absolute  and  relative  num- 
ber of  eggs  laid  from  the  beginning  of  the  laying  year  up  to  the  end  of  each  month. 

4.  From  March  1  to  June  1,  35.60  per  cent  of  the  total  number  of 
eggs  is  produced.  In  this  particular  quarter  of  the  laying  year 
a  little  more  than  a  third  of  the  eggs  are  laid. 

5.  The  figures  given  in  Table  2  are  likely  to  prove  useful  in  future 
discussions  of  egg-production  statistics.  They  furnish  an  accurate 
and  trustworthy  datum  with  which  other  figures  may  be  compared. 
The  need  for  such  a  trustworthy  basis  for  comparative  discussion  has 
been  keenly  felt  in  studies  on  egg  production. 

A  question  which  needs  more  particular  discussion  than  has  so  far 
been  given  it  in  this  paper  is  as  to  exactly  where  in  the  laying  year 
the  maximum  of  productivity  per  unit  of  time  occurs.    Does  this 


92       A  STUDY  OF  EGG  PRODUCTION  IN  THE  DOMESTIC  FOWL. 


maximum  point  occur  at  the  same  time  each  year,  or  does  it  vary- 
irregularly  from  year  to  year  ? 

It  is  apparent  from  Table  2  that  if  the  weighted  mean  figures  for 
the  whole  period  covered  by  the  investigation  be  taken,  the  month 
of  maximum  production  is  March.  The  weighted  mean  for  April, 
however,  falls  below  that  for  March  by  only  0.26  egg — a  very  small 
amount.  The  facts  regarding  the  individual  years  may  most  clearly 
be  shown  graphically.  In  figure  3  are  platted  the  mean  productions 
for  the  months  of  March  and  April  of  each  year.  Since  the  maxi- 
mum production  falls  in  one  or  other  of  these  months  in  the  present 
statistics,  it  will  not  be  necessary  to  consider  other  months  in  this 
connection. 

From  this  diagram  it  is  clear  that  neither  March  nor  April  has 
uniformly  held  the  place  as  the  month  of  maximum  production 
during  the  period  covered  by  the  investigation.  In  the  earlier  years 
(1899-1900  to  1902-3)  April  had  a  larger  average  than  March  and 


/899-00  I9O0-OI  /90/-02  1902-03  /903-04  I9O4-0S  /905-06  1906-07 
FIG.  3. — Diagram  showing  the  fluctuations  of  mean  monthly  egg  production  in  the  two  months  of  maximum 

production,  March  and  April. 

was  the  month  of  maximum  production.  From  1903-4  to  1905-6, 
inclusive,  March  had  a  larger  mean  production  than  April.  The 
relation  is  reversed  again  in  the  last  year  covered  by  the  statistics 
(1906-7),  though  in  this  year  the  averages  for  March  and  April  are 
very  nearly  the  same. 

It  further  appears  that  the  change  in  the  month  of  maximum  pro- 
duction which  occurs  as  we  pass  from  the  laying  year  1902-3  to  1 903-4 
is  entirely  due  to  a  marked  drop  in  the  average  April  production  for 
1903-4  and  subsequent  years.  The  mean  March  production  holds 
at  about  the  same  general  level  throughout.  This  change  appears 
to  have  been  due  to  the  fact  that  in  the  fall  of  1903  the  birds  were  for 
the  first  time  put  into  a  "curtain-front"  house.  In  the  earlier  years 
of  the  experiment  the  birds  had  been  housed  in  tight,  warmed  houses. 

Putting  all  the  data  together  the  following  statement  may  be  made: 
So  long  as  the  birds  were  kept  in  warmed,  tight  houses  the  month  of 
maximum  average  egg  production  was  April.  When  the  change  to 
the  curtain-front  system  of  housing  was  made  the  April  average 
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immediately  dropped  below  that  of  March,  the  latter  then  becoming 
the  month  of  maximum  production.  The  highest  weighted  mean 
monthly  average  is  that  for  March.  This  arises  because  of  the  larger 
number  of  birds  and  consequently  greater  weight  given  to  the  aver- 
ages in  the  later  years. 

Another  question  to  be  considered  is  as  to  which  is  the  month  of 
minimum  average  production.  This  clearly  is  either  November  (at 
the  beginning  of  the  laying  year)  or  October  (the  end  of  the  year). 
The  weighted  mean  figures  of  Table  2  and  figure  1  show  the  month 
of  minimum  average  production  over  the  whole  period  to  have  been 
November.  The  weighted  mean  production  for  that  month  is  very 
nearly  one  egg  lower  than  that  for  October. 

Turning  to  the  records  for  individual  years,  the  facts  are  shown 
graphically  in  figure  4.  In  this  diagram  are  platted  the  October  and 
November  means  for  each  year,  except  the  November  record  for 
1903-4  and  the  October  record  for  1906-7.  As  has  been  pointed 
out  alreadv,  there  were  no  records  for  these  months. 
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Fig.  4.— Diagram  showing  the  fluctuation  of  mean  monthly  egg  production  in  the  two  months  of  minimum 
production,  October  and  November. 

From  this  diagram  it  appears  that  there  is  no  steady  tendency  for 
the  November  mean  production  to  be  lower  than  the  October,  or 
vice  versa.  In  different  years  either  month  may  show  the  lower 
production.  The  only  conclusion  that  can  be  safely  drawn  from 
the  data  is  that  either  one  or  other  of  these  two  months  shows  the 
minimum  production  for  the  year — which  one  depending  upon  cir- 
cumstances. 


VARIATION  IN  EGG  PRODUCTION  IN  EACH  MONTH  OF  THE  YEAR. 

In  discussing  the  variability  in  egg  production  in  the  different 
months  of  the  year  use  will  be  made  of  the  same  variation  constants 
as  in  Part  I  of  this  paper,  namely,  the  standard  deviation  and  the 
coefficient  of  variation.0    It  will  be  found  to  be  the  case  with  the 


a  A  description  of  the  significance  of  these  two  variation-measuring  constants — 
standard  deviation  and  coefficient  of  variation — is  given  in  Part  I,  page  27,  and  need 
not  be  repeated  here.  It  suffices  merely  to  recall  that  the  standard  deviation  is  the 
measure  of  absolute  variation  in  terms  of  eggs,  whereas  the  coefficient  gives  the  rela- 
tive variation  in  per  cent. 
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monthly  distributions,  just  as  with  the  annual,  that  the  coefficient 
of  variation  is  the  more  trustworthy  constant  on  which  to  base  one's 
judgment  as  to  the  actual  degree  of  existing  variability  in  this  char- 
acter. The  reason  for  this  is  that  the  absolute  average  production 
is  so  different  in  the  different  months.  In  consequence  of  this  the 
absolute  amount  of  "scatter"  in  the  distributions  is  changed.0 

In  calculating  the  variation  constants  for  the  monthly  distribu- 
tions the  same  methods  were  used  as  have  been  described  in  Part  I. 
Just  as  in  the  case  of  the  means  (cf.  p.  87,  supra),  so  in  the  case  of 
the  variation-measuring  constants,  weighted  average  figures  have 
been  taken  for  the  three  laying  years,  1904-5, 1905-6, 1906-7,  where 
the  birds  were  kept  in  flocks  of  different  sizes.  The  weighting  was 
done  here,  as  before,  on  the  basis  of  the  number  of  birds  in  each  pen. 

On  account  of  the  fact  that  the  standard  deviation  has  compara- 
tively little  significance  in  discussions  of  variation  in  egg  production, 
it  has  not  seemed  necessary  or  advisable  to  take  the  time  to  calcu- 
late the  probable  errors  for  all  the  standard  deviations  of  the  monthly 
distributions.  The  probable  errors  have  been  determined,  however, 
for  the  coefficients  of  variation. 

The  data  for  variation  in  monthly  egg  production  are  given  in  Tables 
3  and  4.  Table  3  contains  the  standard  deviation  in  egg  production 
for  each  month  covered  by  our  statistics  and  Table  4  the  coefficient 
of  variation. 

Table  3. — Standard  deviation  in  egg  production  of  Barred  Plymouth  Rocks  for  each 

month  of  the  laying  ycar.b 


Year  and  flock. 


1899-  1900  

1900-  1901  

1901-  2  

1902-  3  

1903-  4  

1904-  5: 

50-birdpens  

100-bird  pens  

1 50-birdpens  

1905-  6: 

50-blrdpens  

100-bird  pens  

150-birdpens  

1900-7: 

50-birdpens  

100-bird  pens  

150-bird  pens  

1904-  5,  weighted  mean . 

1905-  6,  weighted  mean . 

1906-  7,  weighted  mean . 


Nov. 

Dee. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

6.00 

9.05 

6.59 

6.79 

5.81 

5.43 

5. 72 

6.28 

5.68 

6.44 

6.  39 

6.26 

5.40 

8.83 

7.96 

6.13 

6. 16 

5.68 

6.18 

6. 75 

6.38 

7.05 

7.16 

6. 62 

8.35 

8.46 

5.79 

5.92 

4.81 

5. 13 

5.99 

4.07 

6.08 

6.55 

7.75 

6. 15 

7.  GO 

6.32 

7.67 

6.76 

5.86 

5.74 

5.65 

5. 96 

5.96 

7.28 

7.31 

7.06 

5.60 

7.46 

6.93 

6.54 

5.67 

5.53 

6. 16 

5.75 

6.31 

6. 72 

5.81 

4.64 

7.59 

8.41 

6.50 

5.80 

5.97 

0.85 

6.49 

6. 53 

6. 77 

7.06 

7.40 

7.77 

7.39 

7.22 

6.11 

5.93 

5.99 

5. 76 

6.49 

7.  12 

6.91 

7.86 

6. 78 

7.23 

8.10 

7.89 

6.78 

7.14 

6.37 

7.24 

7.44 

7.80 

6.71 

7. 17 

6. 25 

6.83 

9. 10 

7.46 

5.64 

5.15 

4.61 

5.28 

4.83 

5. 25 

5.57 

0.53 

6.58 

6.48 

8.87 

7. 65 

6.52 

5. 75 

5. 15 

5.76 

5.92 

0.  23 

5.58 

6.63 

6.19 

5.47 

9.26 

8.44 

6.80 

4.89 

4.86 

5.64 

5. 02 

6.14 

5.92 

6.57 

6.02 

5.06 

6.77 

6.75 

6.55 

6. 01 

5.73 

6. 23 

6. 05 

6. 12 

5.40 

4.85 

6.06 

7.90 

6.57 

6.08 

6.17 

5.63 

5.98 

5.99 

6.46 

e.57 

6.  45 

6.92 

8.01 

6.72 

6.89 

6.58 

5.94 

5. 95 

6. 45 

6.(3 

e.  24 

5.61 

5.90 

7.69 

8.06 

6.51 

6. 19 

6.08 

6. 76 

6.75 

6.98 

6.78 

7.56 

6.98 

6.14 

9.10 

7.94 

6.39 

5. 21 

4.87 

5.57 

5. 48 

5.92 

6. 72 

6.  58 

6. 23 

6.14 

7.02 

6.69 

6.56 

6.30 

5.79 

6.04 

6.21 

6. 44 

6.09 

5.63 

a  For  a  discussion  of  this  point  see  Part  I  of  this  study,  page  27. 

&  Because  of  the  fact  that  the  standard  deviation  is  not  the  significant  measure  of  variation  in  egg-pro- 
duction statistics,  probable  errors  have  not  been  calculated  for  the  constants  in  this  table.  From  the  data 
given  in  this  table  and  in  Table  1  anyone  can  easily  calculate  the  probable  error  of  any  standard  devia- 
tion in  this  table.  In  general,  the  probable  error  of  the  standard  deviation  will  be  approximately  71  per 
cent  of  the  probable  error  of  the  corresponding  mean  as  given  in  Table  1. 
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Table  4. — Coefficients  of  variation  for  the  egg  production  of  Barred  Plymouth  Rocks  for 
each  month  of  the  laying  year. 


Year  and  flock. 


1899-  1900  

1900-  1901  

1901-  2  

1902-  3  

1903-  4  

1904-  5: 

50-bird  pens  

100-bird  pens  

150-bird  pens  

1905-  6: 

50-bird  pens  

100-bird  pens  

150-bird  pens  

1906-  7: 

50-bird  pens  

100-bird  pens  

150-bird  pens  

1904-  fl,  weighted  mean . 

1905-  6,  weighted  mean . 

1906-  7,  weighted  mean. 


November. 


139. 10±17.50 
175. 18±22.04 
131.84±19.20 
128.17±10.44 


160.92±11.34 
120. 57  ±10. 62 
128. 21  ±10. 70 

108. 59  ±  7.11 
120. 25±  8.39 
148. 96±  9.99 

155.77±13.14 
183.90±17.98 
161.87±U.50 

144.82 

129.41 

180. 38 


December. 


87.99±  8.01 
107.83±10.17 

70.37±  6.83 
139.60±12.15 
100. 71±  5.25 

134. 82  ±  8.23 
09.24±  4.82 
88.27  ±  5.69 

92.33±  5.43 
89.48±  5. 11 
96.37  ±  4.69 

144. 08±11.41 
128. 28  ±  9.32 
102. 15±  5.11 

110.45 
93. 26 

121.50 


January. 


39.70±  2.60 
64.53  ±  4.53 
38.08  ±  2.98 
129.13±10.58 

85.63  ±  4.03 

83.85±  3.69 
64.99±  4.39 
73.63±  4.28 

53.93  ±  2.42 

57.64  ±  2.63 
67.83  ±  2.70 

118.  52±  8.07 
152.01±12.ti4 
143. 93±  9.29 

77.70 

61.01 
138.94 


February. 


69.05±5.50 
42.93±2.60 
50. 72±4.30 
70.25±3.90 
50.48±2. 16 

48.23±1.66 
54. 17±3.39 
74.46±4.36 

39.02±1.59 
48. 72  ±2. 09 
58.38±2.18 

62.44±2.91 
117.33±7.97 
100. 99  ±5. 01 

56.42 

50.18 

94.58 


Year  and  flock. 


1899-  1900  

1900-  1901  

1901-  2  

1902-  3  

1903-  4  

1904-  5: 

50-bird  pens  

100-bird  pens  

150-bird  pens  

1905-  6: 

50-bird  pens  

100-bird  pens  

150-bird  pens  

1906-  7: 

50-bird  pens  

100-bird  pens  

150-bird  pens  

1904-  5,  weighted  mean 

1905-  6,  weighted  mean 

1906-  7,  weighted  mean 


March. 


44.58  ±3.00 
35.96±2.09 
28.02  ±2.07 
39. 14±1.76 
37.88±1.29 

32.25±1.00 
48.4(j±2.92 
59.42  ±3.13 

28. 17±1.08 
33. 17±1.30 
28.70±0.89 

33.93±1.31 
44. 19±1.S3 
44.90±1.51 

42.53 

29.86 

41.56 


April. 


33.79±2. 13 
31.49±1.78 
27.74±2.05 
32.39±1.40 
38.34±1.31 

38.50±1.24 
38. 16±2. 16 
48.38  ±2.36 

27.96±1.07 
34.17±1.34 
31.98±1.01 

33.45±1.29 
34.31±1.34 
39.02±1.28 

41.13 

31.48 

36.09 


May. 


37.39±2.41 
40.00±2.38 
30. 87  ±2. 86 
33.21±1.44 
47.53±1.71 

49.68±1.72 
40.09  ±2.29 
60.55±3. 21 

46.20±1.98 
53.63±2.38 
52.88±1.90 

43.18±1.76 
39.28±1.58 
40.02±1.57 

50.92 

51.22 

43.30 


June. 


50. 13±3.50 
47.11±2.93 
24.12±1.75 
37.66±1.68 
50.22±1.84 

51.52±1.81 
48.65±2.94 
72.76±4.03 

35.85±1.44 
46. 41  ±1.96 
48.25±1.68 

54.37  ±2.39 
45.72±1.91 
00.74±2.28 

56.78 

44.25 

54.66 


Year  and  flock. 


1899-  1900  

1900-  1901  

1901-  2  

1902-  3  

1903-  4  

1904-  5: 

50-bird  pens  

100-bird  pens  

150-bird  pens  

1905-  6: 

50-bird  pens  

100-bird  pens  

150-bird  pens  

1906-  7: 

50-bird  pens  

100-bird  pens  

150-bird  pens  

1904-  5,  weighted  mean 

1905-  6,  weighted  mean 

1906-  7,  weighted  mean 


July. 


47.73±3.27 
48.39±3.03 
40.79±3.24 
38.27±1.70 
50.50±2.16 

60.07  ±2.23 
61.16±4.02 
79. 51±4.82 

50.06±2.19 
03.28±3.00 
67.56±2.69 

49.88±2.13 
56.28±2.52 
66. 07  ±2. 57 

65.55 

61.43 

58.66 


August. 


55.82  ±4.05 
60. 46±3.49 
49.57±4.17 
57.87  ±2.94 
02.86±2.52 

63.75±2.43 
64.28  ±4.32 
82.81±5.14 

59.40±2.77 
79.10±4.20 
88.54±4.08 

40.20±2.50 
50.36±2.53 
67.37±2.65 

69.03 

77.67 

58.19 


September. 


68.09  ±5.46 
69.25±5.01 
83.39  ±8.88 
69.19±3.81 
67.68  ±2.80 

70. 81  ±2. 84 
74.05±5.33 
95. 64  ±6. 48 

67.13±3.31 
89. 44  ±5. 10 
96.83  ±4.72 

107.40  ±6.12 
80.75±4.30 
120. 29±6.75 
78.14 
86.39 
105.  40 


October. 


101.92±10. 19 
122.68±12.71 
163.98±28.51 
130.67±10.80 
109. 03±  7.13 

103. 37 ±  5.19 
123.52±13.82 
111.86±  8.43 

113. 45±  7.67 
132. 77 ±  9.98 
140. 27  ±  8.96 


109. 28 
130.60 
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The  first  point  which  it  is  necessary  to  take  up  is  in  regard  to  the 
general  trend  of  the  variability  in  egg  production  in  the  different 
months  of  the  year.  In  order  to  do  this  satisfactorily  it  is  desirable 
to  have  in  hand  the  weighted  average  figures  for  each  month  based 
on  the  whole  experience  covered  by  the  statistics  (1899  to  1907). 
It  is  as  necessary  to  have  these  weighted  figures  in  the  case  of  varia- 
tion constants  as  it  was  in  the  case  of  the  means.  They  smooth  out 
the  insignificant  fluctuations  of  individual  years.  Such  weighted 
average  values  for  the  standard  deviations  and  coefficients  of  varia- 
tion are  given  in  Table  5.  The  weighting  is  again  made  on  the  basis 
of  the  number  of  individuals  involved. 


Table  5. —  Variation  in  monthly  egg  production:  Weighted  mean  standard  deviations 
and  coefficients  of  variation  based  on  total  period  1899-1907  .a 


Month. 

Weighted 
mean  stand- 
ard devia- 
tion. 

Weighted 
mean  coeffi- 
cient of 
variation. 

Eqgs. 
6.20 
8.52 
7.78 
6.53 
5.94 
5.82 
6.17 
6.09 
6.28 
6.29 
6.63 
6.  48 

Per  cent. 

146.  40 
99.63 
68.82 
65.75 
37.  76 
37.03 
44.  72 
49.85 
57.  94 
65.96 
85.58 

121.30 

December  

January  

February  

March  

April  

May  

June  

July  

August  

September  

October  

a  In  calculating  these  mean  figures  no  month  was  included  which  was  in  any  respect  abnormal.  By 
reference  to  column  5  of  Table  2,  the  years  which  contributed  data  to  the  averages  for  each  month  may  be 
determined. 


The  data  given  in  Table  5  are  shown  graphically  in  figures  5  and  6. 
With  these  data  in  hand  we  may  proceed  to  discuss  some  of  the 
problems  regarding  variability  in  monthly  egg  production.  It  has 
been  shown  in  Part  I  (pp.  28,  29)  that  a  certain  degree  of  variation 
in  annual  production  is  fairly  constant  and  characteristic  for  the 
flocks  here  under  consideration.  Is  this  same  degree  of  relative 
variability  characteristic  for  each  month  of  year?  Or  is  some  other 
definite  degree  of  variability  more  or  less  characteristic  for  the 
monthly  distribution  ?  Or  is  it  the  case  that  the  flocks  show  greater 
variability  in  certain  seasons  of  the  year  than  in  others  ?  If  the  last 
is  true,  how  are  these  differences  distributed  ? 

We  may  in  this  connection  consider  first  the  standard  deviations. 
An  examination  of  the  data  in  Table  5  and  figure  5  shows  that  starting  at 
a  point  of  maximum  absolute  variation  in  December  there  is  a  steady 
and  rather  rapid  decrease  until  the  minimum  is  reached  in  April. 
From  that  point  on  to  the  end  of  the  laying  year  in  October  there  is 
a  very  much  more  gradual  but  still  distinct  increase  in  the  value  of 
the  standard  deviation.    The  standard  deviation  of  egg  production 


SEASONAL  DISTRIBUTION  OF  EGG  PRODUCTION. 


97 


in  the  month  of  November  does  not  fall  into  this  scheme  shown  by 
the  remaining  months  of  the  laying  year.  If  it  did  it  should  have  a 
higher  value  than  that  for  December,  whereas,  as  a  matter  of  fact, 
the  standard  deviation  for  November  is  just  about  the  same  as  that 
for  May  and  is  very  much  below  that  for  December.  Leaving  this 
single  month  out  of  account  for  the  moment,  however,  it  is  plain 


°        NOV.  DEC.  JAN.    FEB-  MAR  APR  MAY  JUNE  JULY  AUG-  SEPT.  OCT 

ig.  5.— Diagram  showing  weighted  mean  value  of  the  standard  deviation  for  each  month  in  the  laying  year. 


that  the  curve  of  absolute  variability  in  egg  production  is  in  a  general 
way  similar  to  the  curve  of  mean  monthly  egg  production  turned 
upside  down.  Where  the  curve  of  mean  monthly  production  increases 
rapidly  the  curve  of  absolute  variability  in  egg  production  decreases 
rapidly  (December  to  April).    On  the  other  hand,  where  the  curve 


20 

Fig.  0. 


NOV.   DEC.  JAN.    FEB.  MAR.  APR.  MAY  JUNE  JULY  AUG.  SEPT  OCT. 

-Diagram  showing  weighted  mean  value  of  the  coefficient  of  variation  for  each  month  in  the  laying 

year. 


of  mean  production  decreases  slowly  the  curve  of  absolute  variability 
in  egg  production  increases  also  slowly.  The  exception  afforded 
by  the  month  of  November  to  this  rule  is  due  to  the  fact  that  there 
is  a  very  high  frequency  of  zero  production  in  the  November  distri- 
butions. (See  Appendix  II,  Table  I.)  There  are  many  hens  which 
do  not  begin  to  lay  in  November.    Hence  there  is  very  little  absolute 
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"scatter''  to  the  distribution  for  this  month.  Consequently  it  may 
be  said  that  while  as  a  general  rule  the  absolute  variation  in  egg 
production  is  greater  when  the  average  production  per  bird  is  low, 
this  relation  fails  to  hold  when  the  laying  gets  so  poor  that  the  major 
part  of  the  flock  lays  no  eggs  at  all,  thus  putting  a  large  frequency 
on  one  base  element,  viz,  zero.  This  point  will  appear  more  clearly 
when  the  form  of  distribution  for  the  individual  months  is  taken  up 
(p.  126).  . 

Turning  to  a  consideration  of  the  curve  of  relative  variability  in 
egg  production  in  the  different  months  as  given  by  the  data  in  the 
second  column  of  Table  5  and  in  figure  6,  we  see  the  same  relation 
as  is  given  by  the  standard  deviations,  but  in  a  much  more  pro- 
nounced and  distinct  form.  The  curve  starts  with  a  maximum 
relative  variability  in  November  and  falls  steadily  and  rapidly  to  a 
minimum  in  March  and  April.  It  then  rises  gradually  and  in  almost 
a  straight  line  to  August.  From  August  to  the  end  of  the  year  in 
October  the  line  of  the  coefficient  of  variation  rises  at  a  still  sharper 
angle  to  the  base.  The  data  furnished  by  both  absolute  and  rela- 
tive measures  of  variation  lead  to  the  general  result  that  when  flocks 
are  laying  well  there  is  a  great  deal  of  uniformity  in  regard  to  their 
laying  (i.  e.,  little  variation),  whereas  when  they  are  laying  poorly 
they  exhibit  a  great  deal  of  variation. 

There  are  one  or  two  matters  of  detail  in  regard  to  these  curves  of 
variation  in  monthly  egg  production  which  it  is  desirable  to  discuss 
briefly.  First,  in  respect  to  the  time  of  the  year  in  which  the  maxi- 
mum degree  of  variability  in  egg  production  is  exhibited,  it  is  of 
interest  to  note  that  this  time  is  at  the  beginning  of  the  pullet-laying 
year  rather  than  at  the  end.  Thus,  in  figure  5  November  and 
December  show  higher  values  of  the  coefficient  of  variation  than  do 
September  and  October.  The  same  is  true  for  the  standard  devia- 
tions save  only  for  the  exception  made  by  November. 

The  month  of  minimum  variability,  both  absolute  and  relative, 
is  April.  The  difference,  however,  in  the  variability  in  production 
between  March  and  April  is  so  small  as  to  be  insignificant  in  the 
weighted  figures  or  in  any  single  year.  It  is  of  some  interest  to  note, 
though,  t  hat  with  the  single  exception  of  the  year  1901-2  the  standard 
deviation  is  lower  for  April  than  for  March  (see  Table  3).  In  two 
years — 1003-4  and  1905-6 — the  coefficient  of  variation  is  greater 
in  April  than  in  March.  There  is  clearly  no  definite  change  after  the 
year  1902-3  in  the  degree  of  absolute  or  relative  variability,  such  as 
was  seen  to  be  the  case  with  the  mean  production  (see  p.  92). 

From  the  data  given  in  Table  2  of  Part  I  (p.  28)  it  is  possible  to 
determine  the  following  two  values  based  on  the  whole  experience 
covered  by  our  statistics  (1899-1907): 

Weighted  mean  standard  deviation  for  annual  egg  production  = 
41.74  eggs. 
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Weighted  mean  coefficient  of  variation  for  annual  egg  production  = 
34.21  per  cent. 

Comparing  these  with  the  monthly  variabilities  it  is  seen  that,  as 
would  be  expected,  (ft)  the  absolute  variation  or  "scatter"  is  much 
greater  for  the  annual  distributions  than  for  any  of  the  monthly. 
(b)  Relatively,  however,  there  is  no  month  which  on  the  average 
shows  so  low  a  variability  in  proportion  to  its  mean  as  does  the  pro- 
duction of  the  whole  year.  April  comes  nearest  to  this,  but  it  falls 
short  nearly  3  per  cent. 

THE  NATURAL  DIVISIONS  OF  THE  LAYING  YEAR. 

It  will  undeniabby  be  advantageous,  in  studying  certain  phases 
of  the  problem  of  egg  production,  to  endeavor  to  use  a  time  unit 
which  conforms  to  the  natural  periodicity  displayed  by  hens.  In 
recent  years  it  has  been  the  custom  in  the  discussion  of  egg  produc- 
tion to  make  the  unit  one  year.  This  custom  has  been  followed  in 
the  work  of  the  Maine  station,  in  the  egg-laying  competitions  in 
South  Australia,  which  have  excited  world-wide  interest,  and  by 
many  other  institutions  and  experimenters.  It  is  safe  to  say,  how- 
ever, that  all  students  of  the  subject  of  egg  production  have  felt  that 
the  year  was  not  in  all  respects  an  ideal  unit  for  such  studies.  A 
serious  objection  to  it  is  immediately  apparent  if  one  makes  a  close 
study  of  individual  egg  records.  The  total  number  of  eggs  laid  by 
a  bird  in  a  year  gives  in  reality  an  inadequate  and  incomplete  idea 
of  her  egg-producing  ability.  Birds  which  make  the  same  yearly 
total  records  are  by  no  means  always  equivalent  as  egg  producers. 

The  plan  followed  at  the  present  time a  in  the  investigations 
in  progress  at  the  Maine  station  breaks  the  laying  year  up  into  four 
parts.  The  first  of  these  includes  the  months  of  November,  Decem- 
ber, January,  and  February.  Broadly  speaking,  this  is  the  period 
of  winter  laying  and  is  so  designated.  The  second  period  includes 
the  months  of  March,  April,  and  May.  This,  broadly  speaking, 
obviously  corresponds  to  the  breeding  season.  The  third  period 
includes  the  months  of  June,  July,  and  August,  and  is  called  the 
summer  period.  Finally,  the  fourth  period  includes  the  months  of 
September  and  October,  and  is  the  period  in  which  molting  and  its 
associated  drop  in  egg  production  commonly  occur.  In  future  dis- 
cussions of  egg  production  by  the  present  writers  it  is  proposed, 
wherever  necessary  or  desirable,  to  consider  separately  the  egg  pro- 
duction in  each  of  these  periods.  By  this  method  it  will  be  possible 
to  compare,  for  example,  the  production  in  the  winter-laying  period 
of  different  lots  of  birds,  or  their  ability  to  lay  during  the  breeding 
season,  and  so  on. 


aSee,  for  example,  Maine  Agricultural  Experiment  Station  ISulletin  166. 
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The  justification  for  the  conclusion  that  this  division  of  the  year 
is  in  general  a  natural  one  and  corresponds  to  a  real  cyclical  periodicity 
in  egg  production  is  in  considerable  measure  to  be  found  in  the  facts 
regarding  mean  monthly  egg  production  and  variation  in  this  char- 
acter set  forth  in  this  and  the  preceding  section  of  the  paper.  The 
winter-laying  period  is  a  period  characterized  by  rapid  increase  in 
mean  production  associated  with  a  relatively  equally  rapid  decrease 
in  variability,  both  absolute  and  relative.  In  this  period  a  large 
part  of  the  flock  falls  in  the  A  component  of  the  monthly  distribu- 
tions (see  p.  142).  This  laying  period  is,  strictly  speaking,  not  a  part 
of  the  natural  or  normal  reproductive  cycle  of  the  hen.  Egg  laying 
in  this  part  of  the  year  is  something  which  during  domestication 
has  been  added  on,  as  it  were,  to  the  natural  reproductive  activity 
of  the  wild  Gallus.  It  is  a  result  of  "forcing"  or  special  stimulation. 
From  the  evolution  standpoint,  egg  production  in  these  months  is  a 
comparatively  recent  acquisition.  Such  being  the  case,  the  greater 
variability  observed  in  winter  laying  is  only  what  would  be  expected. 

The  limits  of  this  artificial  winter  cycle  of  egg  production,  are  fairly 
well  defined.  It  begins  with  the  beginning  of  the  laying  year.  Its 
other  limit  is  marked  by  the  slacking  up  in  egg  production  which 
occurs  in  February  (see  fig.  1).  This  slacking  up  in  February,  which 
appears  to  be  a  characteristic  of  egg  production  generalty,  is  to  be 
explained,  we  believe,  chiefly  if  not  entirely  as  the  result  of  the  ending 
of  the  winter  cycle  by  the  majority  of  birds  which  have  laid  during  the 
early  winter.  Such  birds  rest  for  a  period  at  about  this  time  before 
beginning  the  spring  laying  cycle.  Of  course  it  must  be  understood 
that  these  statements  are  made  only  with  reference  to  what  might 
be  called  the  general  or  average  course  of  events.  Particular  birds 
may  form  exceptions  in  their  laying.  Many  birds,  of  course,  have 
no  proper  winter  cycle  of  laying  at  all.  They  begin  to  lay  for  the 
first  time  in  January  or  February,  and  keep  on  laying  without  any 
large  break  straight  through  the  spring  cycle. 

The  next  period  (March,  Aprd,  and  May)  is  the  natural  laying 
season.  It  corresponds  to  the  egg-laying  part  of  the  natural  repro- 
ductive cycle  exhibited  by  the  wild  Gallus.  This  being  the  case,  we 
should  expect  the  egg  production  in  the  domesticated  birds  also  to 
be  at  a  maximum  at  this  time.  They  ought  further  to  show  a 
minimum  degree  of  variation  in  egg  production  at  this  time,  because 
nearly  every  individual  which  is  physiologically  capable  of  ovulation 
is  laying,  or  has  laid  very  recently,  and  is  broody.  Naturally,  there- 
fore, a  high  mean  and  a  low  variability  in  production  are  exactly  what 
we  find  characterizing  the  laying  in  each  of  the  months  in  this  period. 

The  third  period  (June,  July,  and  August)  is  characterized  by  a 
gradually  falling  mean  production  and  a  variability  gradually  increas- 
ing, but  still  much  lower  than  that  for  the  winter  period.    This  is 
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the  period  in  which  rearing  of  the  chickens  naturally  occurs,  and  it 
also  represents  an  extension  of  the  breeding  season.  It  is  a  period 
in  which  laying  naturally  (i.  e.,  without  the  forcing  or  stimulation  of 
domestication)  occurs  in  some  degree.  We  are  informed  a  by  Mr. 
J.  H.  Burkill,  of  the  Indian  Museum  in  Calcutta,  that  in  the  central 
provinces  of  India  the  breeding  season  of  Gallus  ferrugineus  Gmel. 
is  said  to  last  until  November,  beginning  in  the  spring.  Similarly 
the  breeding  season  of  Gallus  sonneratii  TemmincL  in  the  central 
provinces  lasts  from  March  to  November. 

The  fourth  period  (September  and  October)  is  not  easily  separated 
from  the  third  in  respect  to  laying,  but  in  general  it  is  the  period 
of  molting,  or,  if  the  process  has  not  actually  begun,  of  preparation 
for  molting.  It  is  characterized  by  reduced  laying  and  markedly 
increased  variability.  The  variability  in  egg  production  in  this 
period  is  not  so  great,  however,  as  in  the  winter  laying  period,  which 
falls  entirely  outside  the  natural  reproductive  cycle. 

CHANGES  IN  MONTHLY  EGG-  PRODUCTION  DUE  TO  SELECTIVE 

BREEDING. 

As  has  been  stated  earlier  in  the  paper  (p.  84),  it  is  a  matter  of 
prime  importance  to  examine  the  constants  of  monthly  egg  production 
with  reference  to  their  bearing  on  the  problem  of  selection.  It  is 
the  purpose  of  this  section  to  discuss  this  matter.  Specifically  the 
attempt  will  be  made  to  determine  whether  during  the  period  in  which 
selection  for  egg  production  was  practiced6  there  was  any  definite 
steady  trend  of  (a)  the  mean  monthly  production,  or  (b)  the  absolute 
variability,  or  (c)  the  relative  variability  in  monthly  production 
either  upward  or  downward,  each  single  month  being  considered 
separately. 

The  most  direct  and  simple  way  to  approach  this  problem  is,  with- 
out any  doubt,  to  plat  the  values  of  each  constant  (mean,  standard 
deviation,  or  coefficient  of  variation)  for  each  month  of  the  years 
covered  by  the  statistics  as  given  in  Tables  1,  3,  and  4,  using  weighted 
mean  values  for  the  last  three  years,  1904-1907.  To  obtain  a  just 
idea  of  the  general  trend  of  the  zigzag  lines  so  obtained  it  will  be 
necessary  to  fit  to  each  of  them  a  line  by  some  adequate  method  of 
curve  fitting.  Then  by  inspection  of  the  fitted  line,  keeping  in  mind 
the  values  of  the  probable  errors  of  the  constants  under  discussion, 
it  will  be  possible  to  conclude  whether  there  has  been  any  steady, 
definite  change  in  that  constant  as  selective  breeding  has  proceeded. 
This  is  the  method  which  will  be  followed.  All  the  lines  to  be  given 
were  fitted  by  the  method  of  least  squares. 

«  In  litt. 

b  For  a  detailed  account  of  the  method  of  selective  breeding  followed,  see  Parti,  p.  12. 
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EFFECT  ON  AVERAGE  MONTHLY  PRODUCTION . 

We  may  first  examine  the  mean  production  for  each  month  with 
reference  to  whether  it  increased  or  decreased  with  continued  selec- 
tion for  higher  annual  production.  The  fundamental  data  on  this 
point  are  given  in  Table  1. 

In  figures  7  and  8  are  given  the  data  of  Table  1  in  diagrammatic 
form.  Figure  7  includes  the  observed  means  and  best  fitting  straight 
fines  for  the  egg  production  of  the  months  of  November  to  April, 
inclusive.  In  the  same  way  figure  8  shows  the  observed  means  and 
their  fitted  straight  fines  for  the  months  of  the  second  half  of  the 
laying  year,  May  to  October,  inclusive.  In  all  cases  the  weighted 
mean  figures  are  used  for  the  last  three  years,  1904-1907. 

The  equations  to  the  straight  lines  in  figures  7  and.  8  are  as  follows, 
y  denoting  mean  monthly  production  and  x  number  of  years  since  the 
laying  year  1898-99: 


November 
December 
January.  . 
February . 
March.  .  .  . 
April.  .  .  . 


y=  4.  68+0.  026* 
y=  9.  72-  .  375* 
jf=15.  72-1.  072* 
y=12.  33-  .  242* 
y=lo.  19+  .  172* 
y=17.  86-  .  313* 


May  

June  

July  

August.  .  . 
September 
<  )c(ober. .  . 


y=16.  69  -  0.544* 
)/=15.  34  -  .412* 
i/=J3.  997-  .465* 
5/=13.05  -  .479* 
y=ll.  11  -  .  449* 
,1=  5.  37  -  .  011* 


From  these  diagrams  (figs.  7,  8)  the  following  points  are  to  be 
noted: 

1.  With  the  exception  of  the  months  of  November  and  March, 
there  is  clearly  observable  in  each  month  a  downward  tendency  or 
trend  of  the  line  of  mean  montldy  egg  production.  In  other  words, 
the  mean  egg  production  in  ten  months  out  of  the  twelve  shows 
exactly  the  same  phenomenon  as  does  the  total  annual  production 
during  the  period  of  continued  selection  (see  Pt.  I,  pp.  38-43). 
The  amount  or  degree  of  this  downward  trend  differs  in  different 
months,  being  statistically  insignificant  in  some  months  and  quite 
certainly  significant  in  others.  January  shows  the  greatest  decrease 
in  mean  production.  October  exhibits  the  smallest  decrease  of  any 
of  the  months  showing  any  decline  whatever.  The  line  for  this 
month  is  sensibly  horizontal. 

2.  Of  the  two  months  which  form  apparent  exceptions  to  the  rule 
that  the  mean  monthly  production  decreased  during  the  period  of 
investigation,  neither  can  justly  be  regarded  as  affording  a  real  excep- 
tion. The  line  for  November  is  certainly  horizontal  within  the 
limits  of  the  probable  errors  involved.  There  was  neither  a  decrease 
nor  an  increase  in  the  mean  production  in  this  month  during  the 
years  studied.  In  the  case  of  March  the  line  slopes  upward  a  little 
more  definitely  than  does  that  for  November,  but  still  it  can  hardly 
be  considered  as  deviating  significantly  from  horizontality  when  the 
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Fco.  8. — Diagram  showing  the  course  of  the  observed  mean  egg  production  in  eac  h  of  the  months  of  May  to 

October,  inclusive,  1899-1907. 
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probable  errors  of  the  several  means  are  taken  into  account.  That 
there  should  have  been  an  insignificant  change  in  the  mean  March 
production  is  exactly  what  would  be  expected  when  it  is  remembered 
that  this  is  the  natural  season  of  heaviest  laying.  In  this  period 
the  egg  production  is  very  little  affected  either  by  breeding  or  by  envi- 
ronmental influences. 

3.  In  Part  I  of  this  study  (pp.  40,  41),  in  discussing  the  general 
trend  of  average  annual  egg  production  under  the  influence  of  selec- 
tive breeding,  modifications  or  corrections  of  the  observed  means 
were  made  to  allow  for  the  influence  of  unavoidable  accidents  which 
were  held  to  have  affected  adversely  the  egg  production  in  particular 
months  of  certain  years.  Regarding  these  modifications  the  follow- 
ing general  statement  was  made  (loc.  cit.,  p.  38) : 

We  may  next  proceed  to  modify  the  constants,  for  the  influence  of  accidents  and  the 
like,  from  the  actual  values  they  show.  In  every  case  we  can  be  sure  of  the  general 
direction  in  which  such  modification  should  be  applied.  As  to  what  its  exact  amount 
in  each  case  should  be  there  are,  of  course,  no  criteria.  But  if  we  make  the  modifica- 
tions relatively  large,  we  shall  establish  what  may  be  regarded  as  a  series  of  upper 
limiting  values  for  the  constants.  We  may  then  fairly  conclude  that  had  all  the  con- 
ditions remained  normal  throughout  the  period  covered  by  the  data  the  values  exhib- 
ited by  the  constants  would  have  fallen  somewhere  between  the  limits  set  by  the 
actual  and  modified  values.  While  such  a  method  can  not  give  us  precise  values,  it 
is  capable  of  showing  what  the  general  trend  of  the  data  is. 

It  is  apparent  that  the  significance  of  this  reasoning  ultimately 
rests  on  the  question  of  whether  the  modifications  made  are  sufficiently 
large  to  establish  what  are  in  reality  upper  limiting  values.  In 
Part  I  the  attempt  was  made  to  show  that  the  modifications  used 
were  sufficiently  large  and  that  if  they  were  in  error  at  all  it  was  in 
being  too  large.  It  was,  however,  impossible  to  demonstrate  that 
tins  was  the  case  without  the  detailed  monthly  data  in  hand.  These 
data  we  now  have,  and  they  are  shown  graphically  in  figures  7  and  8. 

It  is  neither  necessary  nor  desirable  to  take  the  space  to  show  in 
detail  that  each  of  the  modifications  used  was  sufficiently  large,  for 
if  anyone  interested  will,  for  himself,  add  to  the  averages  for  the  indi- 
vidual months  as  shown  in  figures  7  and  8  the  modifications  given  in 
Table  5  of  Part  I,  platting  the  resulting  points  on  the  diagrams  of 
figures  7  and  8,  he  will  see  at  once  that  the  modifying  factors  used 
were  very  much  larger  than  strict  fairness  demanded.  This  may  be 
shown  specifically  by  taking  up  in  detail  a  single  example.  In  the 
year  1905-6,  50  per  cent  of  the  recorded  April  production  (16.48  eggs) 
and  of  the  recorded  May  production  (11.42  eggs)  in  the  50-bird  pens 
was  added  to  allow  for  an  accident  (see  Pt.  I,  p.  41).  This  results 
in  a  modified  April  mean  of  24.72  and  a  May  mean  of  17.13.  Now 
Table  1  and  figures  7  and  8  show  that  the  highest  April  mean  produc- 
tion ever  reached  in  the  eight  years'  trap  nesting  was  only  18.50  eggs 
(1901-2)  and  the  highest  May  mean  was  17.02  (1902-3).  In  other 
56681°— Bull.  110,  pt  2—11  3 
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words,  the  modified  April  mean  is  some  6  eggs  higher  than  the  highest 
April  mean  ever  observed  for  the  station's  flocks,  while  the  modified 
May  mean  was  equal  to  the  highest  May  mean  observed.  There  can 
be  no  doubt  that  the  modifications  used  were  in  every  case  sufficiently 
large. 

EFFECT  ON  ABSOLUTE  VARIATION   AS  MEASURED  BY  THE  STANDARD 

DEVIATION. 

We  may  turn  next  to  the  examination  of  the  changes  in  absolute 
variability  in  egg  production  as  measured  by  the  standard  deviation 
which  occurred  in  the  period  covered  by  the  statistics.  It  has  been 
shown  in  Part  I  (p.  45)  that  neither  the  absolute  nor  the  relative 
variability  in  total  annual  egg  production  sensibly  decreased  with 
continued  selection.  We  have  now  to  determine  whether  the  varia- 
bility in  egg  production  in  any  months  of  the  year  showed,  the  effect 
of  selection  by  becoming  less  as  the  selective  breeding  was  continued. 
We  will  first  discuss  absolute  variability  as  measured  by  the  stand- 
ard deviation,  and  later  relative  variability  as  measured  by  the  coef- 
ficient of  variation.  The  fundamental  data  for  the  treatment  of 
absolute  variability  are  given  in  Table  3,  which  records  the  standard 
deviation  for  each  month.  These  data  are  platted  in  figures  9  and 
10  and  the  observed  values  are  fitted  by  the  method  of  least  squares 
with  straight  lines  just  as  was  done  in  the  case  of  mean  egg  pro- 
duction. As  before,  weighted  mean  values  were  used  for  the  years 
1904  to  1907. 

The  equations  to  the  straight  lines  in  these  figures  are  as  follows,  y 
denoting  standard  deviation  and  x  number  of  years  since  the  laying 
year,  1898-99: 


November 
December 
January . . 
February . 

March  

April  


y=6.  58  -0. 020  x 
!/=8.46-  .139  a; 
i/=6.88+  .086  a; 
2/=6.41+  .019  a: 
y=5.  67+  .  042  x 
2/=5.48+  .015  a; 


May  

June  

July  

August . . . 
September 
October . . 


y=5.  86+0. 016  x 
^=5.88+  .017  a; 
2/=5.85+  .066  a; 
,,=7.03-  .112  a; 
!/=7.39-  .112  a; 
j/=6.40-  .010  a; 


From  these  diagrams  (figs.  9, 10)  the  following  points  are  to  be  noted: 
1.  There  is  less  regularity  in  the  trend  of  the  variability  curves  than 
was  observed  in  the  case  of  the  curves  for  the  means.  While  in  the 
majority  of  cases  the  standard  deviation  increases  more  or  less  during 
the  course  of  the  experiment,  there  are  five  cases  in  which  it  decreases 
by  a  greater  or  less  amount.  It  should  be  said,  however,  that  in 
nearly  all  of  these  cases  the  change,  whether  up  or  down,  is  very 
small  in  amount.  The  lines  for  the  standard  deviation  run  in  all  cases 
not  far  from  the  horizontal.  The  fair  conclusion  would  seem  to  be 
that,  during  the  period  covered  by  the  statistics  when  selective 
breeding  for  total  annual  egg  production  was  practiced,  it  had  prac- 
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Fig.  9.— Diagram  showing  the  trend  of  the  observed  absolute  variability  in  monthly  egg  production  as 
measured  by  the  standard  deviation  in  each  of,  the  months  of  November  to  April,  inclusive,  1899-1907, 
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Fig.  10.— Diagram  showing  the  trend  of  the  observed  absolute  variability  in  monthly  egg  production  as 
pleasured  by  the  standard  deviation  in  each  of  the  months  of  May  to  October,  inclusive,  1899-1907. 
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tically  no  effect  either  to  decrease  or  to  increase  the  absolute  variability 
of  the  egg  production  of  any  of  the  single  months. 

2.  The  months  showing  the  greatest  decrease  in  the  standard 
deviation  are  December  and  August.  In  both  of  these  cases  the 
decrease  during  the  eight  years  is  possibly  significant  statistically. 
Of  the  months  showing  an  increase  in  the  standard  deviation  the  most 
marked  are  January  and  July.  Comparison  with  figure  7  shows  that 
January  was  the  month  in  which  the  mean  egg  production  showed  the 
most  pronounced  drop  during  the  period  covered.  We  have  here 
again  an  illustration  of  the  rule  brought  out  earlier  in  the  paper  that 
as  mean  egg  production  decreases  the  variability  in  this  character 
tends  to  increase. 

EFFECT  ON  RELATIVE  VARIABILITY. 

It  has  been  seen  throughout  this  study  that  the  relative  variability 
as  given  by  the  coefficient  of  variation  is  the  more  significant  measure 
by  which  to  arrive  at  a  true  conception  of  the  actual  existing  degree 
of  variability  in  egg  production.  Accordingly  it  is  the  more  impor- 
tant to  examine  the  trend  of  this  constant  with  reference  to  the  effect 
of  selection.  In  making  such  an  examination  the  same  methods  will 
be  followed  as  in  the  case  of  the  means  and  the  standard  deviations. 
The  fundamental  data  are  given  in  Table  4.  These  data  are  shown 
graphically  in  figures  11  and  12. 

The  equations  to  the  straight  lines  in  these  figures  are  as  follows, 
y  denoting  the  coefficient  of  variation  and  x  the  number  of  years 
since  the  laying  year  1898-99: 


November  y=143.  09+0.  260  x 

December  y==  92.  18+2.  899  a: 

January  y=  39.  03+8.  958  x 

February   y=  49.  63+2.  599  a; 

March   y=  37.39-  .  112  x 

April   y=  30.73+  .740  a; 


May  y=  34.31+1.833  x 

June  y=  38.  76+1.  523  a; 

July  y=  39.  62+2.  788  a; 

August  y=  52.  54+1.  976  a; 

September  y=  61. 08+3.  874  a; 

October   y=12Z.  41+  .153  a; 


From  these  diagrams  (figs.  11,  12)  the  following  points  are  to  be 
noted: 

1.  With  a  single  exception  (March)  the  relative  variability  as  meas- 
ured by  the  coefficient  of  variation  increased  during  the  period  in 
which  selective  breeding  was  practiced.  The  zigzag  lines  show  that 
this  increase  was  fairly  steady  and  regular  in  nearly  all  cases,  though 
it  was  very  much  more  pronounced  in  some  months  than  in  others. 
In  particular  the  variability  of  the  January  production  increased  very 
noticeably.  This  result  indicates  that  the  egg  production  of  the 
single  months  follows  the  same  rule  as  was  shown  to  hold  for  the  total 
annual  production.  So  far  as  there  was  any  change  whatever  in 
variability  in  monthly  egg  production  during  the  period  when  select- 
ive breeding  was  practiced  this  change  was  not  in  the  direction  of 
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Fig.  12.— Diagram  showing  the  course  ol  the  observed  relative  variability  in  egg  production  as  measured 
by  the  coefficient  of  variation  in  each  of  the  months  of  May  to  October,  inclusive,  1899-1907. 
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a  reduction,  but,  on  the  contrary,  there  was  an  actual  increase  in 
variability. 

2.  In  the  single  month  which  forms  the  exception  to  the  rule  just 
stated,  namely,  March,  the  trend  of  the  line  of  relative  variability  does 
not  deviate  sensibly  from  the  horizontal.  The  explanation  for  this 
result  is  probably  the  same  as  that  which  was  given  for  the  behavior 
for  the  March  mean  production  (see  p.  102) .  In  the  months  of  March 
and  April,  which  are  the  natural  breeding  season,  laying  is  at  its 
maximum  and  variability  in  production  is  at  its  minimum,  and  neither 
the  mean  production  nor  the  variability  in  production  is  easily  affected 
by  selective  breeding  or  by  environmental  influences.  The  egg  pro- 
duction in  these  months  is  a  fundamental  and  basic  part  of  the  repro- 
ductive cycle  in  the  domestic  fowl. 

Putting  all  the  results  of  this  section  together,  it  is  seen  that  they 
are  essentially  the  same  as  those  which  were  reached  in  Part  I  from 
the  study  of  total  annual  egg  production.  It  might  perhaps  have 
been  expected  on  a  priori  grounds  that  mass  selection  for  increased 
annual  production  would  at  least  have  had  a  beneficial  effect  on  winter 
egg  production  in  the  flocks.  This,  however,  clearly  was  not  the  case. 
The  general  result  was  that  the  mean  production  for  each  month  of 
the  laying  year  either  remained  sensibly  unchanged  or  showed  a  tend- 
ency to  decrease  during  the  period  included  in  this  experiment  in 
selective  breeding.  At  the  same  time  the  variability  in  monthly  egg 
production,  whether  absolute  or  relative,  either  did  not  change  at  all 
or  increased  by  a  greater  or  less  amount  during  the  period  through 
which  the  selection  was  practiced.  In  other  words,  it  is  seen  that 
finer  analysis  of  the  total  annual  egg  production  returns  does  not  tend 
in  any  way  to  change  the  conclusions  drawn  from  the  study  of  those 
returns,  but,  on  the  contrary,  tends  greatly  to  strengthen  those  con- 
clusions. There  can  be  no  doubt  whatever  that  in  this  experiment 
mass  selection  for  increased  egg  production  failed  to  attain  its  desired 
end. 

INFLUENCE  OF  CERTAIN  HOUSING  CONDITIONS  ON  MONTHLY  EGG 

PRODUCTION. 

In  Part  I  of  this  study  (p.  58)  there  is  described  an  experiment 
which  was  begun  in  the  laying  year  1904-5  and  has  been  continued 
since  that  time  to  determine  the  influence  on  egg  production  of  size 
of  flock  and  amount  of  floor  space  per  bird.  Inasmuch  as  the  general 
plan  of  this  experiment  has  been  fully  described  in  the  place  cited,  it 
will  be  unnecessary  to  repeat  these  details  here.  It  need  only  be  said 
that  the  birds  were  kept  in  flocks  of  50,  100,  and  150  each.  The 
number  of  square  feet  of  floor  space  per  bird  (4.8  square  feet)  was  the 
same  in  the  case  of  the  50-bird  pens  and  the  100-bird  pens,  but  in  the 
150-bird  pens  the  floor  space  per  bird  (3.2  square  feet)  was  about  1J 
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square  feet  less.  From  this  arrangement  of  the  flocks  it  is  clear  that 
data  are  furnished  on  two  questions,  namely,  first,  as  to  the  effect  on 
egg  production  of  the  number  of  birds  kept  together  when  floor  space 
remains  the  same,  and,  second,  as  to  the  influence  on  egg  production 
of  the  amount  of  floor  space  in  itself. 

In  Part  I  the  annual  egg  production  of  the  flocks  kept  under  these 
conditions  during  the  years  1904-1907  was  discussed.  It  was  there 
shown  that — 

When  the  laying  hens  were  kept  in  flocks  of  100  birds  each,  the  average  annual  pro- 
duction per  bird  was  distinctly  and  significantly  lower  than  when  they  were  kept  in 
flocks  of  50  birds  each,  though  the  number  of  square  feet  of  floor  space  per  bird  was  the 
same  in  the  two  cases  and  all  other  environmental  conditions  were  made  as  nearly  as 
possible  identical.  Laying  birds  kept  in  flocks  of  150  birds  each  and  with  somewhat 
less  floor  space  per  bird  than  those  kept  in  flocks  of  50  and  100  birds  each  have  in  every 
case  an  average  annual  egg  production  significantly  smaller  than  that  of  the  birds  kept 
in  small  flocks. 

In  discussing  these  results  it  was  pointed  out  that  caution  must  be 
shown  in  drawing  practical  conclusions  from  them,  since  they  were 
based  on  annual  returns  only.  In  this  section  we  shall  deal  with  the 
effect  of  these  housing  conditions  on  monthly  egg  production.  We 
may  consider  first  the  mean  or  average  monthly  production  for  each 
month  in  the  period  from  November,  1904,  to  January,  1908. 

INFLUENCE  OF  HOUSING  CONDITIONS  ON  AVERAGE  MONTHLY 

PRODUCTION. 

The  data  for  discussing  the  influence  of  housing  conditions  on 
mean  production  are  given  in  Table  6.  This  table  gives  the  results 
of  a  comparison  of  50-bird  with  100-bird  pens,  of  50-bird  with  150- 
bird  pens,  and  of  100-bird  with  1 50-bird  pens.  The  fundamental 
figures  on  which  this  table  is  based  are  the  mean  monthly  productions 
and  their  probable  errors  given  in  Table  1  (pp.  86, 87) .  The  best  way  in 
which  to  make  a  comparison  between  these  different  pens  in  the  dif- 
ferent years  appears  to  be  to  find  the  differences  between  the  mean 
monthly  production  of  the  flocks  kept  in  the  different  sized  pens  for 
each  month.  In  order  that  these  differences  may  be  expressed  always 
in  a  uniform  manner,  the  table  is  arranged  in  such  a  way  as  to  show  in 
its  three  columns,  first,  the  amount  by  which  the  mean  production  of 
flocks  kept  in  50-bird  pens  exceeds  that  of  flocks  kept  in  100-bird  pens 
for  each  month  of  the  laying  year;  second,  the  amount  by  which  the 
mean  production  of  flocks  kept  in  50-bird  pens  exceeds  that  of  flocks 
kept  in  1 50-bird  pens;  and,  finally,  the  amount  by  which  the  mean 
production  of  flocks  kept  in  100-bird  pens  exceeds  that  of  flocks  kept 
in  1 50-bird  pens.  Under  this  arrangement,  when  the  first  desig- 
nated flock  of  a  pair  is  in  excess  the  sign  of  the  difference  is  plus,  and 
when  the  second  designated  flock  of  a  pair  is  in  excess  the  sign  is 
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minus.  To  take  an  example:  It  appears  from  the  second  line  of 
Table  6  that  in  December,  1904,  the  birds  kept  in  150-bird  pens  had 
a  mean  production  3.54  eggs  higher  than  the  mean  production  of  the 
birds  kept  in  50-bird  pens  in  the  same  month  and  year.  The  probable 
errors  of  the  differences  in  Table  6  are  calculated  in  the  usual  way. 

It  will  be  noted  that  data  for  only  eight  months  of  the  laying 
year  1907-8  are  given.  The  reason  for  this  is  that  owing  to  the  neces- 
sity for  a  thorough  overhauling  of  the  poultry  plant  in  the  summer  of 
1908,  trap-nest  records  had  to  be  stopped  on  July  1  of  that  year,  and 
no  returns  for  that  year  were  made  after  that  date. 

Table  6.— Differences  in  mean  monthly  egg  production  between  flocks  of  different  sizes. 


Difference  in  egg  laying  between — 


Year  and  month. 

50  and  100  bird 

50  and  150  bird 

100  and  150 

pens. 

pens. 

bird 

pens 

1904-5— No  vember  

— 1. 81  ± 

58 

—1. 004= 

— 
45 

4-0 

81  4= 

08 

December  

 5. 04± 

60 

—3. 54  ± 

55 

_4_1 
T± 

50  ± 

69 

January  

 L  08± 

til 

  1 69± 

5t' 

39  ± 

68 

February  

_j_2.  20± 

50 

+4. 37± 

47 

4-2 

17  ± 

58 

March  

4-5.  75± 

48 

4-5.  96± 

47 

_J_ 

214: 

59 

April  

May  

  17^ 

•18 

4-2  354= 

4S 

4-2 

52  ± 

55 

-  !57± 

49 

+1.  83± 

49 

4-2 

40± 

58 

June  

-  .75± 

53 

4-2. 37± 

•19 

4-3 

12  ± 

62 

July  

-  .77± 

50 

4-1-064= 

51 

4-1 

83± 

67 

August  

-  .13± 

56 

4-2.  52± 

47 

4-2 

05± 

62 

September  

+  .20± 

63 

4-3.  33± 

51 

4-3 

13± 

69 

October  

4-1.674: 

57 

4-1.  57  ± 

47 

10± 

60 

1905-6— November  

+  .91± 

47 

4-2.  62± 

41 

4-1 

71  ± 

39 

-  .05± 

64 

4-  .26± 

60 

+ 

31  ± 

58 

January  

+  .56± 

54 

+1.39± 

51 

+ 

834= 

51 

February  

+1.07± 

44 

4-2. 82  ± 

40 

4-1 

75± 

43 

March  

+  .96± 

39 

4-1. 27 ± 

33 

+ 

31  ± 

35 

April  

+  1.40± 

35 

4-1. 28± 

30 

12± 

33 

+  .68± 

40 

4-  .754: 

35 

+ 

07  ± 

37 

+  -71± 

38 

4-1. 82± 

33 

4-1 

11± 

38 

July  

+  .65± 

41 

4-1. 40± 

37 

+ 

75± 

40 

4-2. 32± 

39 

4-2.  68± 

37 

+ 

30± 

37 

+2.31± 

47 

4-2. 94  ± 

43 

+ 

63± 

43 

+1.14± 

45 

4-1.514= 

41 

+ 

37± 

39 

190&-7— No  vember  

-  .044: 

39 

-1.03± 

38 

99± 

41 

December  

-1.46± 

51 

-3. 14± 

40 

-1 

684: 

50 

January  

+  1.38± 

47 

4-1. 03± 

43 

354: 

43 

+5.31± 

44 

4-3.  67  4= 

43 

— 1 

64± 

41 

March  

+3.  07± 

43 

4-3. 07  4= 

40 

69  ± 

40 

April  

+  -71± 

40 

4-1.  91  4= 

37 

+1 

20± 

37 

-  .804= 

43 

4-1. 50± 

39 

4-2 

30± 

38 

-1.98± 

42 

4-  .514= 

40 

4-2 

494: 

40 

July  

+  .79± 

44 

4-2.  24± 

40 

4-1 

45± 

42 

+  .03± 

43 

4-2. 43± 

37 

4-2 

404: 

41 

-3.47± 

40 

-  .15± 

33 

4-3 

32  ± 

39 

1907-8— November  

+  .55± 

27 

4-  -70± 

51 

+ 

15± 

49 

December  

+  -99± 

74 

4-2. 34± 

63 

4-1 

35± 

60 

January  

+  .32± 

74 

4-2. 36± 

65 

4-2 

04± 

69 

-4.08± 

09 

-3.88± 

60 

4- 

204: 

66 

4-2.214= 

73 

4-1. 80± 

62 

41  ± 

68 

+2. 25± 

78 

4-  .464= 

66 

-1 

79  ± 

67 

4-2. 88± 

72 

4-2.  51± 

63 

37  ± 

65 

4-4.344= 

63 

4-2.  69± 

57 

-1 

054: 

59 

The  first  thing  which  is  apparent  from  an  examination  of  this  table 
is  that  while  one  certain  size  of  flock  and  pen  may  always  show  a  greater 
mean  annual  production  than  the  others,  this  superiority  is  not  uni- 
formly present  in  each  month  of  the  laying  year.  On  the  contrary, 
it  is  clearly  evident  from  the  table  that  sometimes  one  size  of  flock 
is  in  excess  in  a  particular  month,  sometimes  another.    This,  together 
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with  the  fact  that  a  large  amount  of  material  is  included  in  the  table, ' 
make  it  as  it  stands  rather  confusing  and  difficult  to  draw  any  conclu- 
sions from.  In  order  to  get  at  the  essential  facts  regarding  the  influ- 
ence of  housing  conditions  on  mean  monthly  egg  production,  it  is 
desirable  to  get  the  data  in  diagrammatic  form.  This  has  been  done 
with  the  results  shown  in  figures  13,  14,  and  15.  These  figures  show 
for  each  month  of  the  laying  year  the  average  excess  of  the  first  desig- 
nated flock  of  the  pair  over  the  second  in  mean  egg  production.  The 
averages  are  taken  for  the  four  years  covered  in  the  case  of  the  months 
of  the  laying  year  before  July  and  for  three  years  in  the  months  after 
July.  In  calculating  these  averages  the  signs  of  the  separate  entries 
are,  of  course,  observed.  In  platting  the  figures,  there  has  been 
placed  on  either  side  of  the  zero  line  what  may  be  called  a  probable 
error  line.  This  line  is  at  a  distance  from  the  zero  fine  equal  to  the 
mean  of  the  probable  errors  contained  in  the  column  on  which  the 
diagram  is  based.  October  is  not  included  in  these  diagrams,  because 
we  have,  data  on  this  month  for  but  two  years. 

From  these  diagrams  and  the  data  on  which  they  are  based,  the 
following  points  are  to  be  noted: 

1 .  The  flocks  kept  in  50-bird  pens  do  not,  in  general,  show  an 
excess  in  mean  production  over  those  kept  in  100-bird  and  1 50-bird 
pens  in  the  first  three  winter  months — November,  December,  and 
January.  In  those  months  the  birds  in  the  100-bird  or  in  the  1 50- 
bird  pens  show  average  productions  either  higher  or  at  least  sensibly 
equal  to  those  of  the  flocks  in  the  50-bird  pens.  In  other  words,  the 
figures  obtained  from  the  four  years'  experiment  seem  to  indicate 
clearly  that  winter  egg  production  is  not  adversely  affected  by  keep- 
ing the  birds  in  large  flocks,  and  even  by  crowding  them  so  that  each 
bird  has  only  a  little  over  3  square  feet  of  floor  spaoe. 

2.  The  greatest  excess  in  mean  production  of  flocks  kept  in  50-bird 
pens  over  those  kept  in  either  100  or  150  bird  pens  is  in  the  month 
of  March.  In  this  month  the  smaller  flocks  are  very  markedly  supe- 
rior to  the  larger  ones  in  egg  production. 

3.  Aside  from  the  maximum  excess  in  March  of  the  smaller  flocks 
over  the  larger,  there  is  a  secondary  and  smaller  excess  to  be  observed 
in  the  month  of  August.  In  this  month  the  50-bird  pens  show  a 
decided  superiority  over  the  larger  flocks.  This  would  appear  to 
indicate  that,  as  would  be  expected,  overcrowding  shows  its  bad 
effect  chiefly  in  the  extremely  hot  weather  of  midsummer. 

4.  In  all  the  months  after  and  including  February  the  excess  of 
the  50-bird  pens  over  the  1 50-bird  pens  in  nlean  production  is  very 
marked.  In  the  months  after  March  this  is  probably  to  be  explained 
as  a  result  of  the  depressing  effect  of  increasingly  warmer  weather 
on  birds  kept  in  large  and  crowded  flocks.  The  reason  for  the  excess 
in  the  months  of  February  and  March  is  not  apparent. 
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5.  Up  until  May  there  is  no  significant  difference  in  mean  monthly 
egg  production  between  flocks  kept  in  100  and  150  bird  pens.  The 
line  fluctuates  up  and  down,  but  does  not  extend  significantly  above 
the  probable  error  lines.  After  this  month  (that  is,  from  May  to 
September,  inclusive)  the  100-bird  pens  show  marked  and  increasing 
superiority  in  mean  monthly  egg  production  over  the  150-bird  pens. 
In  this  we  again  see  the  bad  effect  on  egg  production  of  crowding 
in  hot  weather. 


MOV.  DEC.  JAN.  FEB.  MAR.  APR.  MAY  JUNE  JULY  AUG.  SEPT. 

Fig.  13.— Diagram  showing  the  average  excess  in  mean  egg  production  of  flocks  kept  in  50-bird  pens  over 
flocks  kept  in  100-bird  pens  for  the  first  eleven  months  of  the  laying  year,  November  to  September. 


6.  Summarizing,  we  may  say  that,  so  far  as  winter  egg  production 
is  concerned,  the  present  statistics  show  no  bad  effects  of  keeping 
birds  in  large  and  crowded  flocks  (up  to  the  limits  included  in  the 
present  study).  On  the  other  hand,  overcrowding  tends  distinctly 
to  lower  summer  egg  production.  It  is  chiefly  as  a  result  of  this 
effect  upon  summer  production  that  the  mean  annual  production  is 
lower  in  the  large  flocks,  as  shown  in  Part  I,  pages  58-61. 
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NOV.  DEC.  JAN.   FEB.  MAR.  APR.  MAY  JUNE  JULY  AUG.  SEPT. 

Fig.  14.— Diagram  showing  the  average  excess  in  mean  egg  production  of  flocks  kept  in  50-bird  pens  over 
flocks  kept  in  150-bird  pens  for  the  first  eleven  months  of  the  laying  year,  November  to  September. 


NOV.  DEC.  JAN.  FEB.  MAR.  APR  MAY  JUNE  JULY  AU6.  SEPT. 

Fig.  15.— Diagram  showing  the  average  excess  in  mean  egg  production  of  flocks  kept  in  100-bird  pens  over 
flocks  kept  in  150-bird  pens  for  the  first  eleven  months  of  the  laying  year,  November  to  September. 
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INFLUENCE   OF   FLOCK   SIZE   ON   VARIABILITY   IN   EGG  PRODUCTION. 

We  may  turn  next  to  the  subject  of  the  effect  of  flock  size  upon 
variability  in  egg  production  in  the  several  months  of  the  year.  In 
connection  with  this  question  it  will  be  necessary  to  discuss  only 
the  coefficients  of  variation  for  reasons  already  set  forth  (p.  94,  and 
Pt.  I,  p.  44).  The  coefficient  of  variation  gives  us  a  measure  of  the 
relative  or  percentage  variability.  Such  data  may  be  used  for  pur- 
poses of  comparison. 

As  in  the  case  of  the  mean  monthly  production  (p.  113),  the  most 
satisfactory  way  of  dealing  with  the  data  is  to  put  them  in  the  form 
of  a  difference  table  for  the  coefficients  of  variation.  This  is  done 
in  Table  7,  which  is  constructed  in  exactly  the  same  way  as  was 
Table  6.  The  first  column  gives  the  difference  in  variability  between 
50  and  100  bird  pens,  the  second  column  between  50  and  150  bird 
pens,  and  the  last  column  between  100  and  150  bird  pens.  A  differ- 
ence is  noted  as  plus  when  the  first  flock  size  of  a  designated  pair 
is  the  more  variable  and  as  minus  when  the  second  flock  size  is  the 
more  variable. 

Table  7. — Differences  in  relative  variability  in  egg  production,  between  flocks  of  different 
sizes,  as  measured  by  the  coefficient  of  variation. 


Difference  between— 


Year  and  month. 

50  and  100  bird 

50  and  150  bird 

100  and  150  bird 

pens. 

pens. 

pens. 

1904-5— November  

+40. 35  ±15. 54 

+ 

32. 71  +  15 

59 

-  7.04  +  15.07 

+C5.58±  9.53 

+ 

40.55  +  10 

01 

-19.03+  7.46 

January  

+  18.80+  5.73 

+ 

111.22+  5 

05 

-  8.64+  6.13 

February  

-  5.94±  3.70 

20.29+  5 

52 

-26.23+  4.67 

— 10. 21±  3.09 

27.17+  3 

29 

-10.96+  4.28 

April  

May  

+    .34  +  2.49 

9.88+  2 

07 

-10.22+  3.20 

+  9.59+  2.80 

10.87+  3 

61 

-20.46+  3.94 

June  

+  2.87±  3.45 

21.24+  4 

42 

-24.11+  4.99 

July  

-  1.09+  4.00 

19.44+  5 

31 

-18.35+  6.28 

August  

-    .53±  4. 90 

19.06+  5 

69 

-18.53+  6.71 

-  3.24±  0.04 

24.83  ±  7 

08 

-21.59+  8.39 

October  

-20.15  +  14.70 

8.49+  9 

90 

+11.66+16.19 

1905-6— November  

-11. 66  dill.  00 

40.37  +  12 

20 

-28.71  +  13.04 

December  

+  2.85+  9.80 

4.04+  9 

05 

-  6.89+  6.94 

January  

-  3.  71±  3.57 

13.90+  3 

02 

-10.19+  3.77 

February  

-  9.  70±  2.  03 

19.36+  2 

70 

-  9.66+  3.02 

-  5.00±  1.09 

.59+  3 

84 

+  4.41+  1.57 

April  

-  6.21  +  1.71 

4.02+  1 

•17 

+  2.19+  1.68 

-  7.43±  3.10 

6.68+  2 

74 

+    .75+  3.04 

-10.50±  2.43 

12.40+  2 

21 

-  1.84+  2.58 

July  

-13.22±  3.71 

17.50+  3 

47 

-  4.28+  4.03 

-19.70±  5.03 

29.14+  4 

93 

-  9.44+  5.86 

September  

-22.31±  6.08 

29.70  +  5 

77 

-  7.39+  6.95 

October  

-19. 32+12.59 

20.82+11 

79 

-  7.50+13.41 

1906-7— November  

-28. 19  +  22.27 

0.10+17 

40 

+22.09  +  21.34 

+  15.80±14.73 

+ 

41.93+12 

50 

+26.13+10.63 

January  

-33. 49+14.99 

25.41  +  12 

31 

+  8.08+15.69 

February  

-  4.89±  8.49 

38.55  +  5 

79 

+16.34+  9.41 

March  

-10.20±  2.25 

10.97+  2 

(XI 

-    .71+  2.37 

April  

May  

-    .91±  1.86 

5.57+  1 

82 

-  4.71+  1.85 

+  3.90+  2.37 

2.84+  2 

30 

-  6.74+  2.23 

June  

+  8.05+  3.00 

0.37+  3 

30 

-15.02+  2.97 

July  

-  0.40+  3.30 

10.19+  3 

34 

-  9.79+  3.60 

-10. 16±  3.56 

21.17+  3 

01 

-11.01+  3.66 

September  

+20.05+  7.48 

12.89+  9 

11 

-39.54+  8.00 

1907-8— November  

-51.47+50.41 

112.80+65 

85 

-01.33  +  74.80 

December  

-23.04+29.39 

58.  49  +  32 

12 

-34.85  +  35.28 

January  

-16.30+14. 45 

52.  31  ±17 

28 

-30. 01  +  18.64 

February  

+48.  09  ±14.  79 

+ 

51.29+14 

24 

+  3.20+  7.82 

-12.65+  3.89 

4.18+  3 

03 

+  8.  47+  3. 79 

April  

May  

-  7.93±  3.92 

+ 

2.15+  3 

07 

+  10.08+  3.55 

-11.67+  4.08 

0.19+  3 

32 

+  5.48+  4.00 

June  

-19.98+  4.77 

11.70+  3 

60 

+  8.22+  4.91 
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Just  as  in  the  case  of  the  means,  the  mass  of  data  presented  in  the 
table  is  so  great  as  to  be  confusing.  It  is  difficult  to  draw  any  con- 
clusions from  the  detailed  constants.  As  an  aid  in  the  interpretation 
of  the  table  we  may  again  resort  to  the  use  of  graphical  methods. 
Figures  16,  17,  and  18  are  diagrams  showing  the  average  excess  in 
relative  variability  as  measured  by  the  coefficient  of  variation  of, 


NOV.  OEC.J/IN.  FEB.  MAR.  APR.  MAY  JUNE  JULY  AC/6.  SEP? 


Fig.  10.— Diagram  showing  the  average  excess  in  relative  variability,  as  measured  by  the  coefficient  of 
variation,  of  Qocks  ol  50  birds  over  flocks  of  100  birds  for  the  first  eleven  months  of  the  laying  year,  Novem- 
ber to  September. 

respectively,  50-bird  pens  over  100-bird  pens,  50-bird  pens  over  150- 
bird  pens,  and  100-bird  pens  over  1 50-bird  pens.  These  diagrams  are 
constructed  on  exactly  the  same  plan  as  figures  13,  14,  and  15.  If 
in  the  description  of  the  plan  of  those  diagrams  on  page  115  the  words 
"coefficient  of  variation"  be  substituted  for  "mean"  whenever  it 
occurs,  that  account  will  describe  the  diagrams  here,  and  need  not 
be  repeated. 
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From  these  diagrams  and  the  data  on  which  they  are  based  we  note 
the  following  points: 

1.  The  excess  in  relative  variability  of  egg  production  of  the  larger 
flocks  (100  and  150  birds)  over  the  smaller  (50  and  100  birds)  is  on  the 


W 


NOV.  DEC.  JAN  FEB.  MAR.  APR.  MAY  JUNE  JUIY  AUG.  SEPT. 

Fig.  17.— Diagram  showing  the  average  excess  in  relative  variability,  as  measured  by  the  coefficient  ot  varia- 
tion, of  flocks  of  60  birds  over  nocks  of  150  birds  for  trie  first  eleven  months  of  the  laying  year,  November 
to  September. 


whole  fairly  evenly  distributed  over  the  whole  year.  In  only  one  case 
(December,  50  and  100  bird  pens)  do  we  find  any  considerable  + 
excess,  denoting  for  that  month  a  greater  variability  of  the  smaller 
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flock.  In  this  case,  further,  the  average  result  very  largely  depends 
upon  the  very  great  difference  observed  in  the  single  year  1904-5, 
which  in  turn  results  from  the  very  high  relative  and  absolute  varia- 
bility shown  by  the  50-bird  flocks  in  their  December  production  of 
that  year. 

2.  In  the  period  comprised  within  the  months  February  to  July, 
inclusive,  there  is  no  significant  difference  in  relative  variability 


to 
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NOV.  DEC.  JAN.  FEB.  MAR.  APR.  MAY  JUNE  JULY  AUG.  SEPT. 

Fig.  18.— Diagram  showing  the  average  excess  in  relative  variability,  as  measured  by  the  coefficient  of 
variation,  of  flocks  of  100  birds  over  flocks  of  150  birds,  for  the  first  eleven  months  of  the  laying  year, 
November  to  September. 

between  any  of  the  flocks.  In  other  words,  it  appears  that  during 
that  period  of  the  year  in  which  there  is  the  heaviest  production  such 
environmental  differences  as  are  implied  in  the  different  flock  sizes 
in  this  experiment  do  not  appreciably  affect  the  relative  variability 
of  production. 

3.  The  greatest  effect  of  flock-size  and  floor-space  factors  on 
relative  variability  of  production  is  to  be  seen  in  the  months  of 
56681°— Bull.  110,  pt  2—11  4 
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November  and  September — at  the  beginning  and  the  end  of  the 
laying  year. 

In  the  discussion  of  the  influence  of  floor  space  and  flock  size  on 
mean  annual  production  in  Part  I  (p.  63)  it  was  pointed  out  that 
caution  must  be  exercised  in  drawing  practical  conclusions  from  the 
annual  data.  The  reason  for  such  caution  is  apparent  from  the  facts 
set  forth  in  the  present  section.  It  has  been  shown  that  while  it  is 
true  that  the  average  annual  production  of  large  and  relatively 
crowded  flocks  is  not  so  great  as  that  of  smaller  flocks  with  or  without 
more  floor  space  per  bird,  yet  the  difference  is,  for  practical  purposes, 
almost  entirely  in  the  economically  unimportant  summer  egg  produc- 
tion. Winter  egg  production  is,  speaking  generally,  in  no  wise  adversely 
affected  by  keeping  the  birds  in  100  and  150  bird  flocks  and  allowing 
as  little  as  3.2  square  feet  of  floor  space  per  bird.  The  most  probable 
reason  for  such  a  result  as  this  would  appear  to  lie  in  temperature 
relations.  The  large,  crowded  flocks  presumably  get  a  greater  benefit 
from  their  animal  heat  in  the  cold  winter  months,  particularly  at 
night  on  the  roosts.  This  means  a  smaller  strain  on  the  metabolic 
mechanism  solely  for  the  purpose  of  maintaining  body  temperature. 
In  the  hot  summer  months  the  same  factors  operate  in  the  opposite 
way.  That  hens  suffer  greatly  in  very  hot  weather  everyone  who  has 
observed  them  knows.  That  a  crowded  condition,  particularly  on 
the  roosts,  is  likely  to  increase  the  discomfort  from  heat  seems  very 
probable. 

All  of  these  considerations  have  led  the  writers  to  the  tentative 
opinion  that  the  number  of  cubic  feet  of  space  in  a  house  is  a  much 
more  important  and  significant  factor  in  the  poultry-housing 
problem  than  is  the  number  of  square  feet  of  floor  space.  And 
particularly  the  number  of  cubic  feet  per  bird  in  the  so-called  "roost- 
ing closet"  of  houses  of  the  curtain-front  type  would  seem  to  be  a 
significant  factor,  the  possible  influence  of  which  on  egg  production 
and  the  general  well-being  of  birds  ought  to  be  subjected  to  more 
thorough  and  careful  experimental  study  than  has  ever  been  given  to 
it  so  far  as  the  writers  are  aware.  It  seems  possible  that  along  this 
line  may  be  found  the  explanation  of  the  good  results  obtained  by 
Robinson  a  with  his  "low  type"  of  house.  Theoretically  it  would 
seem  probable  that  there  is  some  general  relation — not  absolutely 
fixed,  but  varying  within  narrow  limits — between  square  feet  of  floor 
space  per  bird,  cubic  feet  of  house  space  per  bird,  and  the  well-being 
and  productiveness  of  hens.  The  practical  problem  is  to  find  out 
what  this  relation  is. 

a  Robinson,  J.  II.  The  Height  of  the  Poultry  House.  Farm  Poultry.  Vol.  XIX, 
p.  342,  1908. 
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THE  FREQUENCY  DISTRIBUTION  OF  VARIATION  IN  MONTHLY 

EGG  PRODUCTION. 

In  Part  I  (pp.  30-38)  of  this  study  the  frequency  distributions  for 
variation  in  annual  production  were  discussed  analytically,  and  it 
was  shown  that  in  general  variation  in  egg  production  followed  the 
same  laws  as  hold  for  fluctuating  variation  in  other  characters.  But 
these  annual  production  curves  present  only  the  gross  facts  of  varia- 
tion in  egg  production.  They  present  rather  than  solve  a  problem. 
It  is  necessary  to  analyze  .these  annual  curves  into  their  components 
in  order  to  arrive  at  an  idea  of  the  factors  involved  in  their  genesis. 
That  is  to  say,  while  we  know  that  all  such  curves  showing  the  dis- 
tribution of  fluctuating  variations  ari^e  through  the  operation  of  an 
indefinite  number  of  small  "chance"  or  "statistical"  causes,  there 
is  involved  in  every  frequency  curve  a  specific  and  particular  biolog- 
ical problem.  The  problem  is  this:  What  are  the  immediate  biolog- 
ical factors  which  result  in  the  genesis  of  the  particular  form  of  fre- 
quency curve  shown  by  the  given  material  rather  than  some  other 
form  ?  It  was  shown  in  Part  I  of  this  study  that  the  curves  for  varia- 
tion in  annual  production  had  certain  definite  characters  peculiar  to 
themselves.  Thus  there  appeared  to  be  a  general  tendency  for  such 
curves  to  have  an  unduly  high  frequency  at  the  low-production  end 
of  the  curve.  Their  skewness  was  always  in  the  same  direction. 
Now,  how  does  it  come  about  (i.  e.,  what  are  the  proximate  causes) 
that  these  egg-production  curves  show  these  particular  character- 
istics rather  than  some  others?  This  is  the  problem  presented  by 
gross  frequency  curves.  The  first  step  toward  answering  it  must  be 
made  by  further  analyzing  these  curves.  Final  analysis  in  terms  of 
individuals  must  always  be  the  goal  aimed  at. 

It  is  evident  that  a  study  of  the  distribution  of  variation  in  monthly 
egg  production  may  well  serve  as  a  beginning  of  the  analysis  of  annual 
egg-production  curves.  It  will  be  understood,  of  course,  that  this 
is  in  no  sense  an  analysis  in  terms  of  individual  variants,  but  rather  in 
terms  of  a  smaller  time  unit.  It  seems  wise  to  begin  this  study  of  the 
monthly  distributions  of  variation  in  egg  production  with  a  general 
graphical  appreciation  of  their  characteristics.  Following  this  the 
detailed  mathematical  treatment  will  be  undertaken.  For  the  graph- 
ical treatment  all  available  data  have  been  used.  The  monthly  fre- 
quency distributions  so  formed  are  given  in  Table  8.  The  absolute 
frequencies  in  this  table  are  the  totals  of  the  fundamental  Tables  I  to 
XII  of  Appendix  II.  From  these  absolute  frequencies  the  percentage 
frequencies  used  in  the  diagrams  were  calculated.  The  manner  in 
which  the  table  is  to  be  read  may  be  illustrated  with  an  example: 
The  first  entry  in  the  table  means  that  of  the  2,153  hens  for  which  we 
have  November  production  records  1,189,  or  55.22  per  cent,  laid  no 
eggs  in  that  month. 
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Absolute  and  percentage  frequency  distributions  for  the  egg  production  in  each 
he  laying  year,  based  on  the  records  of  the  years  1899-1900  to  1906-7,  inclusive. 


November. 


December. 


Absolute  I  Percentage,  Absolute  Percentage 
frequency.!  frequency,  frequency,  frequency. 


January. 


February. 


1,189 
137 
47 
37 
26 
36 
37 
32 
32 
41 
39 
49 
36 
01 
47 
77 
36 
43 
39 
41 
23 
24 
13 
5 

6  , 


55. 22 
6.36 
2.18 
1.72 
1.21 
1.67 
1.72 
1.49 
1.49 
1.90 
1.81 
2.28 
1.07 
2.83 
2.18 
3.58 
1.67 
2.00 
1.81 
1.90 
1.07 
1.11 
.60 
.23 
.28 


906 
123 
67 
51 

63 

57 
49 
53 
59 
58 
67 
52 
54 
55 
59 
45 
72 
60 
87 
80 
71 
56 
56 
49 
35 
15 
4 
3 
1 


37.  6S 
5.11 
2.78 
2. 12 
2.62 
2.37 
2.04 
2.  20 
2.  45 
2.41 
2.  78 
2.  16 
2.  24 
2.29 
2.45 
1.87 
2.99 

2.  49 

3.  61 
3.  32 
2.95 
2.33 
2.  33 
2.04 
1.45 

.62 
.  17 
.12 
.04 


Absolute 
frequency. 


654 
107 
71 
65 
59 
48 
61 
49 
55 
60 
70 
52 
62 
72 
72 
85 
89 
91 
94 
97 
94 
108 
90 
49 
29 
13 
5 
3 


Percentage 
frequency. 


Absolute 
frequency 


27.17 
4.  45 
2.  95 
2.  70 
2.  45 
1.99 
2.66 
2.04 
2. 29 

2.  49 
2.91 
2.16 
2.58 
2.99 
2.99 
3.53 
3. 70 

3.  78 
3.91 
4.03 
3.91 
4.49 
3.74 
2.04 
1.20  i 

.54 
.21  j 
.12 


86 
18 
05 
68 
84 
69 
90 
78 
66 
93 
73 
ill 
75 
116 
123 
158 
1.15 
162 
126 
J19 
72 
41 
1  1 
8 
1 
1 


Percentage 
frequency. 


13. 38 
3.51 
2.  83 

2.  70 
2.83 
3.49 
2.87 
3.74 

3.  24 
2.74 
3.86 
3.03 
3.91 
3.12 
4.82 
5.11 
6.  56 
5.61 
6.  73 
5. 23 
4.94 
2.99 
1.70 

.58 
.33 
.04 
.04 


Absolute 

Percentage 

Absolute 

Percentage 

Absolute 

Percentage 

Absolute 

Percentage 

frequency. 

frequency. 

frequency. 

frequency. 

frequency. 

frequency,  frequency. 

frequency. 

68 

2.83 

55 

2.  29 

118 

4.00 

193 

8.02 

24 

1.00 

29 

1.20 

50 

2.118 

44 

1.83 

13 

.54 

16 

.66 

33 

1.37 

30 

1.25 

19 

.79 

19 

.79 

23 

.96 

1.12 

26 

1.08 

18 

.75 

42 

1.74 

34 

1.41 

29 

1.20 

23 

.96 

47 

1.95 

31 

1.29 

25 

1.04 

25 

1.04 

55 

2.  29 

45 

1.87 

44 

1.83 

33 

1.37 

58 

2.41 

54 

2.24 

64 

2.66 

28 

1.16 

100 

4.  15 

100 

4.  15 

69 

2.87 

58 

2.41 

91 

3.  78 

108 

4.49 

63 

2.62 

76 

3.  16 

126 

5.  23 

129 

5.36 

94 

3.91 

79 

3.28 

170 

7.06 

172 

7.  15 

109 

4.53 

119 

4.94 

149 

6.  19 

181 

7.52 

98 

4.07 

125 

5. 19 

158 

6.  56 

151 

6.  27 

101 

4.20 

150 

6.  23 

156 

6.  48 

161 

6.  69 

103 

4.28 

168 

6.98 

150 

6.  23 

145 

6.02 

132 

5.48 

162 

6.  73 

121 

5.  03 

151 

6.27 

150 

6.23 

186 

7.73 

130 

5.40 

116 

4.82 

143 

5.94 

185 

7.69 

111 

4.61 

97 

4.03 

178 

7.40 

171 

7. 10 

108 

4.49 

97 

4.03 

171 

7.10 

184 

7.64 

102 

4.24 

107 

4.45 

158 

6.56 

164 

6.81 

93 

3.86 

90 

3.74 

178 

7.40 

124 

5. 15 

78 

3.  24 

60 

2. 49 

147 

6.11 

95 

3.95 

60 

2.  49 

44 

1.83 

111 

4.61 

63 

2.62 

33 

1.37 

16 

.66 

54 

2.24 

29 

1.20 

25 

1.04 

11 

.46 

22 

.91 

15 

.62 

11 

.46 

.33 

8 

.33 

5 

.21 

5 

.21 

1 

.08 

5 

.21 

3 

.12 

2 

.08 

3 

.  12 

1 

.04 

T 

.04 

0 

0 

0 

1 

.04 

2,407 

100.01 

2,407 

99.98 

2,407 

99. 98 

2.407 

99.99 
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Table  8.-  -Absolute  and  percentage  frequency  distributions  for  the  egg  production  in  each 
month  of  laying  year,  based  on  records  of  years  1899-1900  to  1906-7,  inclusive — Cont'd. 


July. 

August. 

September. 

October. 

Eggs  laid. 

A  DSOlUte 

Percentage  Absolute 

1  ercentage 

A  bsolute 

1  ercentage 

Absolute 

Percentage 

frequency. 

frequency. 

frequency. 

frequency. 

frequency. 

frequency. 

frequency,  frequency. 

0 

297 

12. 34 

345 



14.  33 

554 

23.02 

773 

44.07 

1 

48 

1.99 

109 

4.53 

147 

0.11 

114 

6.50 

2 

35 

1.45 

53 

2.20 

SO 

3.57 

52 

2.96 

3 

27 

1.12 

55 

2.29 

04 

2.60 

38 

2. 17 

4 

42 

1.74 

53 

2.20 

09 

2.87 

41 

2.34 

55 

2.29 

08 

2.83 

89 

3.70 

44 

2.  51 

(j 

05 

2.  70 

77 

3.20 

91 

3.78 

38 

2. 17 

7 

80 

3.57 

82 

3.  41 

95 

3. 95 

41 

2.34 

110 

4.57 

103 

4.28 

100 

4. 15 

45 

2.  57 

9 

125 

5.19 

105 

4.  30 

89 

3.70 

50 

3. 19 

10 

157 

0. 52 

151 

0.  27 

93 

3.80 

40 

2.  28 

11 

1(8 

0. 98 

109 

7.02 

100 

4.  15 

01 

3. 48 

12 

104 

0.  81 

151 

0.  27 

99 

4.11 

13 

107 

0.  94 

142 

5.90 

105 

4. 36 

52 

2. 90 

144 

5.98 

130 

5.40 

80 

3.  57 

54 

3  08 

119 

4. 94 

123 

5.11 

79 

3.28 

57 

3. 24 

10  

109 

4.53 

94 

3.91 

71 

2.95 

56 

3. 19 

95 

3. 95 

84 

3.49 

92 

3. 82 

43 

2.45 

18  

81 

3. 30 

75 

3.12 

01 

2.53 

38 

2.17 

19  

79 

3.28 

07 

2.  78 

07 

2.78 

19 

1.08 

20  

00 

2.49 

53 

2.20 

51 

2.12 

15 

.86 

21  

59 

2.  45 

40 

1.00 

55 

2.29 

9 

.51 

22  

30 

1.50 

21 

.87 

34 

1.41 

3 

.17 

23  

35 

1.45 

35 

1.45 

17 

.71 

4 

.22 

24  

20 

.83 

11 

.40 

6 

.25 

4 

.22 

25  

11 

.46 

7 

.29 

4 

.17 

1 

.00 

20  

6 

.25 

3 

.  12 

3 

.12 

0 

27  

4 

.  17 

0 

1 

.00 

28  

1 

.04 

1 

.04 

29  

0 

30  

0 

31  

2 

.08 

1 

Total  . . 

2,407 

99.97 

2, 407 

99.  99 

2.407 

99.99 

1.754 

99.98 

The  data  of  the  foregoing  table  are  given  graphically  in  figures 
19  to  24,  inclusive.  These  figures  are  the  graphs  of  the  percentage 
distributions,  the  percentage  rather  than  the  absolute  figures  being 
used  in  order  to  make  all  the  diagrams  directly  comparable  one  with 
another.  The  area  of  each  is  the  same.  To  economize  space  the 
distributions  for  two  successive  months  are  put  together  in  the  same 
diagram.  In  all  these  diagrams  the  ordinates  denote  the  percentage 
frequency  of  birds  each  laying  the  number  of  eggs  designated  by 
the  abscissa. 

The  first  point  which  is  at  once  noticed  on  examining  these  fre- 
quency polygons  is  that  we  are  clearly  not  dealing  here  with  simple 
frequency  distributions  such  as  are  usually  found  in  variation  studies 
in  which  the  variants  are  distributed  about  a  single  center  or  mode.0 
The  nearest  approach  among  these  polygons  to  this  ordinary  uni- 

aThe  "mode"  of  a  frequency  curve  is  that  particular  value  of  the  varying  char- 
acter (here  "eggs  produced  per  month")  which  is  present  in  the  largest  number  of 
the  varying  individuals  making  up  the  population.  A  modal  egg  production  of  15 
eggs  for  November  would  mean  that  more  birds  produced  just  15  eggs  in  that  month 
than  produced  any  other  one  particular  number  of  eggs,  either  greater  or  less  than  15. 
For  a  further  discussion  of  the  significance  of  this  constant  see  Part  I,  page  27.  A 
curve  which  shows  a  single  "peak"  or  maximum  ordinate  is  said  to  be  unimodal; 
one  which  has  two,  to  be  bimodal,  and  one  which  has  more  than  two  to  be  multimodal. 
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modal  type  of  frequency  curve  is  found  in  the  distributions  for  March 
and  April,  and  in  particular  that  for  April.    But  even  in  this  case 
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Fig.  19.— Frequency  polygon  of  variation  in  November  and  December  egg  production. 


the  distribution  clearly  differs  from  the  usual  frequency  curve.  All 
of  these  polygons  are  distinctly  bimodal  in  some  degree.    Each  one 
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shows  one  distinct  mode  at  zero  egg  production.  The  fact  that  every 
single  one  of  the  monthly  frequency  distributions  clearly  and  defi- 
nitely shows  this  bimodal  condition  indicates  that  we  are  dealing 
with  a  real  phenomenon  of  variation.  In  fact,  as  will  presently 
appear,  we  apparently  have  to  do  in  these  cases  with  a  definite 
and  hitherto  unrecognized  type  of  frequency  distribution.  Simple 
bimodal  distributions  have,  of  course,  been  known  since  the  begin- 
ning of  the  statistical  study  of  variation.  Such  distributions,  how- 
ever, have  practically  only  been  noted  hitherto  for  cases  of  dimor- 
phism, where  one  deals  with  so-called  "high"  and  "low"  forms  of 
the  organism.    Such  distributions  have,  for  example,  among  animal 
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Fig.  20.— Frequency  polygon  of  variation  in  January  and  February  egg  production. 

forms,  been  described  by  Bateson"  for  Forficula  and  for  the  rhinoceros 
beetle  (Xylotrupes  gideon) ,  and  by  Graber6  for  Blissus  and  others. 

Apart  from  these  cases  of  dimorphism,  variation  leading  to  fre- 
quency distributions  of  anything  other  than  the  common  unimodal 
type  occurs  very  rarely.  Even  with  all  the  work  which  has  been  done 
in  recent  years  in  the  biometrical  study  of  fluctuating  variation  there 
have  been  extremely  few  instances  brought  to  light  which  do  not 
conform  to  the  unimodal  type  of  distribution.    Besides  dimorphism 

"Bateaon,  W.    Materials  for  the  Study  of  Variation.    London,  1894,  pp.  36-42. 
6  Graber,  J.  F.    Dimorphism  in  Blissus  leucopterus.    Biological  Bulletin,  vol.  5, 
No.  6,  pp.  330-335.  "1903. 
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already  noted,  practically  the  only  instances  of  multimodal  distribu- 
tions which  have  been  brought  forward  are  those  for  variation  in 
the  number  of  ray  flowers  in  certain  of  the  Composita'.a    In  these 
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Fig.  21.— Frequency  polygon  of  variation  in  March  and  April  egg  production. 

cases  there  is  some  evidence  of  a  tendency  toward  the  occurrence 
of  definite  peaks  or  modes  on  the  Fibonacci  numbers.    It  is  the  fact, 
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Fig.  22.— Frequency  polygon  of  variation  in  May  and  June  egg  production. 


however,  that  the  statistical  significance  of  these  observational 
modes  has  never  yet  been  adequately  settled. 
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Fig.  23.— Frequency  polygon  of  variation  in  July  and  August  egg  production. 

In  view  of  the  rarity  of  types  of  frequency  distribution  differing 
from  the  common  unimodal  one,  it  is  of  importance  to  examine  with 

"  For  a  list  of  the  literature  on  this  subject  see  the  bibliography  in  Davenport's 
Statistical  Methods  (New  York,  1904),  and  the  bibliographical  lists  appearing  cur- 
rently in  Biometrika. 
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considerable  care  the  nature  of  these  monthly  fecundity  distribu- 
tions. To  facilitate  the  discussion  of  this  matter  it  is  desirable  to 
make  some  preliminary  definition  of  terms  necessary  to  be  used  in 
the  description  of  bimodal  curves.  In  the  following  discussion  the 
terms  "upper  component"  and  "lower  component"  will  be  used  to 
designate,  respectively,  the  portion  of  the  variation  polygons  (or,  in 
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Fig.  24. — Frequency  polygon  of  variation  in  September  and  October  egg  production. 

other  words,  the  groups  of  variants)  centering  about  the  two  modes 
of  higher  and  lower  monthly  productivity.  These  terms  are  here 
used  only  in  a  very  general  sense  and  without  any  attempt  to  limit 
precisely  the  range  or  the  area  of  either  of  the  components.  The 
two  modes  about  which  the  components  center  will  be  known  as  the 
"upper"  (i.  e.,  of  higher  production)  and  the  "lower"  (i.  e.,  of  lower 
production)  modes,  respectively.    In  discussing  bimodal  curves  it  is 
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very  desirable  to  have  some  simple  brief  term  to  designate  the  point 
on  the  curve  between  the  two  modes  where  the  frequency  is  at  a 
minimum.  It  is  in  this  region  that  the  two  components  of  such 
curves  overlap.  After  careful  consideration  we  have  decided  to  use 
the  term  "antimode"  to  designate  the  point  in  any  bimodal  fre- 
quency distribution  where  the  frequency  over  a  unit  base  element  is 
at  a  minimum. 

POSITION  OF  MODES  AND  ANTIMODE  IN  MONTHLY  DISTRIBUTIONS. 

Proceeding  to  the  discussion  of  the  monthly  distributions,  it  is 
to  be  noted  in  the  first  place  that  the  position  of  the  upper  mode 
changes  in  a  definite  manner  as  we  pass  from  the  beginning  to  the 
end  of  the  laying  year.  The  nature  of  this  change  as  well  as  certain 
other  significant  facts  will  be  brought  out  if  the  position  of  the  obser- 
vational modes  and  of  the  antimode  be  tabled.  These  data  are  given 
in  Table  9.  It  should  be  kept  in  mind  that  in  this  table  we  are  only 
dealing  with  the  highest  observed  peaks  of  the  distributions,  and  not 
with  the  true  modes,  the  positions  of  which  can  only  be  determined 
by  detailed  mathematical  treatment  of  the  data.  Observational 
peaks  only  serve  to  locate  the  position  of  true  modes  roughly.3 
These  observed  values  will,  however,  serve  for  the  purposes  of  the 
present  discussion.  In  this  table  the  observed  mode  which  has  the 
higher  modal  ordinate  in  each  of  the  curves  is  printed  in  bold-faced 
type. 

Table  9. —  The  position  (abscissa)  of  the  observational  modes  and  the  antimode  in  Ike  fre- 
quency distributions  of  monthly  production. 

[The  mode  with  the  higher  ordinate  is  in  black-faced  type.] 


Month. 


November. 
December . 
January . . . 
February. . 

March  

April  

May  

June  

July  

August  

September 
October. . . 


Position 
of  lower 
observed 
mode. 


Position 
of  upper 
observed 


mode. 

0 

15 

(1 

18 

0 

21 

0 

IS 

0 

c'20  5 

0 

17 

0 

11 

0 

12 

0 

11 

0 

11 

o 

13 

0 

11 

aCf.  Pearson,  K.  Biometrika,  Vol.  I,  pp.  2G0,  201.  1902. 

6  If  this  curve  were  to  be  smoothed  by  any  accurate  process  of  graduation  the  antimode  would  fall  at  a 
point  considerably  below  the  observed  actually  smallest  ordinate,  probably  at  about  5. 

c  In  this  distribution  there  are  two  observational  peaks  of  equal  height  in  the  modal  region,  one  at  19  ano 
one  at  22.  Rather  than  take  either  of  these  points  as  the  mode  it  seems  fairer  from  inspection  of  the  poly- 
gon to  locate  the  observational  mode  halfway  between  the  two,  viz,  at  20.5. 

d  While  the  ordinates  at  2  and  4  in  this  distribution  are  slightly  smaller  than  that  at  3,  inspection  shows 
that  in  a  fitted  curve  to  these  observations  (say  if  a  parabola  were  struck  through  the  ordinate  at  3  and  the 
four  ordinates  on  either  side  of  3)  the  minimum  ordinate  would  fall  at  about  3. 
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From  this  table  it  is  apparent  that  the  upper  mode  moves  steadily 
upward  (i.  e.,  toward  a  greater  egg  production)  during  the  first 
four  months  of  the  laying  year.  It  reaches  its  actually  highest  point 
in  the  March  distribution,  although  if  we  had  available  accurately 
calculated  modes  it  is  probable  that  there  would  be  little  difference 
in  the  values  for  March  and  April.  After  attaining  this  maximum 
point  the  upper  mode  moves  again  toward  the  zero  end  of  the  curve 
in  a  rather  steady  decline.  The  lower  mode  falls  in  every  case  at 
the  zero  abscissa;  or,  in  other  words,  the  "fashionable"  production 
for  this  component  is  zero. 

Associated  with  this  change  in  the  position  of  the  upper  of  the  two 
modes  is  a  change  in  the  direction  of  the  skewness,  or  asymmetry, 
of  the  upper  component  of  the  distributions.  In  the  distribu- 
tions for  November  and  December  the  total  area  comprised  in  the 
upper  component  is  so  small  that  it  is  difficult  without  the  use  of 
analytical  methods  to  determine  what  the  sign  of  the  skewness 
is;  but,  beginning  with  the  January  distribution,  the  direction  of  the 
skewness  is  evident  on  inspection.  The  upper  component  in  the 
January,  February,  and  March  distributions  shows  a  definite  and 
considerable  negative  skewness.  This  component  of  the  April  dis- 
tribution is  probably  still  negatively  skew,  though  the  degree  of 
asymmetiy  is  here  very  slight.  The  May  distribution  shows  a 
marked  difference.  Here  the  skewness  of  the  upper  component 
is  clearly  positive.  The  mode  of  this  component  has  now  come 
to  lie  below  (i.  e.,  to  the  left  in  the  diagram)  the  mean.  Distinct 
positive  skewness  is  further  exhibited  by  the  upper  components  of 
the  June,  July,  and  August  distributions.  It  is  probable  that  the 
September  and  October  distributions  also  have  a  positive  skewness 
of  this  component.  Here,  however,  just  as  in  the  case  of  the  Novem- 
ber and  December  polygons,  the  total  area  comprised  in  the  upper 
component  is  so  small  as  to  make  it  impossible  to  determine  this 
point  from  mere  inspection.  Altogether  we  have  here  a  very  inter- 
esting case  of  a  variation  curve  passing  gradually  and  by  successive 
stages  from  a  condition  of  distinct  negative  skewness  through  a 
symmetrical  condition  to  distinct  positive  skewness. 

RELATIVE  HEIGHT  OF  MODAL  ORDINATES. 

Another  point  to  be  considered  is  the  relative  height  of  the  modal 
ordinates  of  the  two  modes  in  the  several  distributions.  In  the 
earlier  months  of  the  year  the  ordinate  of  the  lower  mode  is  many 
times  higher  than  that  of  the  upper  one.  The  height  of  this  lower 
modal  ordinate  steadily  and  rapidly  decreases  month  by  month  until 
it  reaches  a  minimum  in  the  April  distribution.  In  the  months  after 
April  it  increases  again,  until  it  reaches  a  maximum  in  the  October 
distribution.    In  the  case  of  the  upper  mode  the  height  of  the  modal 
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ordinate  may  be  said,  in  general,  to  increase  as  the  value  of  the  mode 
increases;  that  is  to  say,  as  the  mode  of  the  upper  component  is 
located  at  a  higher  and  higher  production  up  to  the  maximum  in 
March  and  April  the  height  of  the  modal  ordinate  (i.  e.,  the  per- 
centage of  the  flock  laying  the  modal  number  of  eggs)  of  this  com- 
ponent also  becomes  greater.  The  highest  observed  modal  ordinate 
occurs  in  the  April  distribution.  After  that  point  the  height  of  the 
modal  ordinate  of  this  component  steadily  becomes  less,  until  it 
reaches  a  minimum  in  the  October  distribution.  In  no  one  of  the 
distributions,  however,  does  the  modal  ordinate  of  the  upper  com- 
ponent even  approximate  in  magnitude  the  values  attained  by  that 
of  the  lower  mode  at  the  ends  of  the  laying  year.  Or,  in  other 
words,  the  percentage  of  the  flock  which  lays  the  most  common  or 
usual  number  of  eggs  in  the  natural  laying  season  is  always  very 
much  smaller  than  the  percentage  which  lays  no  eggs  at  all  in  the 
seasons  of  poor  production. 

The  effect  of  the  change  in  position  of  the  mode  of  the  upper  com- 
ponent and  of  the  changes  in  the  magnitude  of  the  two  modal  ordi- 
nates  is  well  brought  out  in  the  following  table.  The  data  show 
that — 

November  fewer  than  1  egg  apiece. 
December  fewer  than  2  eggs  apiece. 
January  fewer  than  7  eggs  apiece. 
February  fewer  than  10  eggs  apiece. 
March  fewer  than  16  eggs  apiece. 
April  fewer  than  16  eggs  apiece. 
May  fewer  than  13  eggs  apiece. 
June  fewer  than  12  eggs  apiece. 
July  fewer  than  11  eggs  apiece. 
August  fewer  than  10  eggs  apiece. 
September  fewer  than  (i  eggs  apiece. 
October  fewer  than  6  eggs  apiece. 

In  only  three,  months  of  the  year  do  one-half  of  the  birds,  according 
to  these  statistics,  lay  more  than  a  dozen  eggs  apiece  in  the  month. 

The  antimode  in  these  curves  appears  to  maintain  a  nearly  con- 
stant position  throughout  the  year.  It  is  significant  that  this  point 
of  minimum  frequency  is  not  at  an  egg  production  of  1,  but  is  defi- 
nitely and  clearly  at  a  higher  production.  This  indicates  that  we 
are  dealing  in  these  distributions  with  two  definite  component  curves, 
and  not  merely  with  a  unimodal  distribution  with  an  abnormal  fre- 
quency on  the  single  base  element  0.  The  frequency  over  the 
base  elements  1,  2,  and  probably  also  3,  in  nearly  every  month, 
clearly  belongs  in  the  main  to  the  lower  component  as  well  as  that 
over  the  base  element  0.  There  is  a  definite  downward  slope  or 
"tailing  off"  of  this  lower  component  before  the  upper  component 
begins.  There  is  some  indication  that  the  antimode  has  a  real  and 
definite  tendency  to  lie  at  a  higher  point  in  the  earlier  months  of  the 


One-half  (50  per  cent)  of  the  flock  lays  in 
the  month  of — 
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laying  year  (November  and  December)  than  in  the  later  ones.  This 
can  not  be  accurately  determined,  however,  without  graduation  of 
the  raw  data. 

It  appears  to  be  the  case  that  all  of  these  monthly  distributions 
belong  to  the  same  general  type  of  frequency  curve.    This  type 
can  be  characterized  in 
the  following   way:  M 
The  curve  is  in  general 
S-shaped,  as  shown  in 
figure  25,  presenting 
two  distinct  points  of 
maximum  frequency  or 
modes. 

One  limb  of  the  S- 
shaped  curve  tends  to 
become  asymptotic  to 
the  y  axis.    The  curve 

appears  to  be  made  Up      Fig.  25.— Diagram  showing  the  general  form  or  type  of  curve  to 
of  tWO  distinct  COmOO-         which  the  frequency  distributions  of  variation  in  monthly  pro- 
"  duction  apparently  belong. 

nents,  one  of  which  (the 

upper)  is  of  the  usual  "curve  of  error"  type,  while  the  other  (the 
lower)  is  of  the  J-shape  taken  by  Pearson's  Type  III  and  Type  I 
curves  under  certain  conditions. 

ANALYSIS  OF  THE  MONTHLY  EGG-PRODUCTION  DISTRIBUTIONS. 

The  facts  brought  out  in  the  last  section  present  a  series  of  problems 
of  much  interest.  So  far  as  we  are  aware,  S-shaped  frequency  dis- 
tributions have  not  hitherto  come  to  light  in  any  studies  of  variation 
in  homogeneous  material.  The  question  is  immediately  raised  as  to 
what  are  the  biological  factors  which  lead  to  the  development  of 
these  curious  and  unique  distributions.  It  is  believed  that  the  results 
herein  to  be  set  forth  will  throw  considerable  light  on  this  problem. 
Since  these  results  are  reached  by  a  process  of  reasoning  which  has 
not  commonly  been  employed  in  biological  studies,  though  it  is  very 
often  used  in  the  investigation  of  physical  problems  by  a  combina- 
tion of  mathematical  and  experimental  methods,  the  greatest  pains 
will  be  taken  to  set  forth  as  clearly  and  precisely  as  possible  the  steps 
taken.  It  is  hoped  that  the  present  case  may  serve  in  some  measure 
to  indicate  to  biological  readers  the  possible  utility  of  biometric 
methods  in  a  direction  not  generally  recognized. 

At  the  outstart  two  sets  of  facts  regarding  these  monthly  fecundity 
distributions  need  to  be  recognized.    These  are: 

1.  The  material  in  which  these  bimodal,  S-shaped  distributions 
appear  is  as  homogeneous  in  respect  to  egg  production  as  is  possible 
in  mass  selected  material.    This  positive  assertion  of  biometrical 
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homogeneity  for  this  material  can  be  made  because  the  data  come 
from  controlled  conditions.  The  birds  were  "pure  bred"  and  "line 
bred."  That  is,  no  "strange  germ  plasm"  had  been  introduced  into 
the  race  for  many  generations.  Close  selection  within  the  race  had 
been  practiced  in  respect  to  egg  production  for  a  long  period.  The 
birds  made  their  records  in  the  same  place  and  under  essentially 
the  same  conditions  within  the  year  as  far  as  it  was  possible  to  con- 
trol them.  In  other  words,  the  peculiarities  in  the  monthly  distribu- 
tions are  in  no  way  to  be  explained  as  the  result  of  different  methods 
of  handling  the  birds  in  different  months  of  the  year.  That  egg 
production  is  probably  inherited  in  "pure  fines"  and  that  this  mate- 
rial includes  a  number  of  such  "pure  lines"  need  not  concern  us  here, 
since  the  problem  now  under  discussion  is  one  of  the  ph^ysiology  of 
egg  production  and  not  at  all  one  of  its  inheritance. 

An'  objection  may  be  made  to  the  fact  that  in  the  discussion  of 
these  monthly  distributions  the  records  of  eight  years  have  been 
put  together.  In  regard  to  this  it  should  be  said  that  this  has  been 
done  only  after  the  most  careful  study  of  the  detailed  single  year 
data  given  in  Appendix  II  (Tables  I-XII).  If  anyone  will  take  the 
trouble  to  study  those  detailed  data  carefully,  as  we  have  done,  he 
will  find  that  within  the  limits  of  error  of  random  sampling  the 
characteristic  distribution  for  each  month  is  faithfully  reproduced 
every  year.  The  November  distribution,  for  example,  is  of  essen- 
tially the  same  character  in  1899  and  in  1906.  The  same  is  true  of 
the  distributions  for  every  month  and  all  of  the  years.  Adding  the 
.  several  years  together  does  not  in  any  way  obscure  or  hide  any  facts. 
On  the  contrary,  by  providing  more  ample  statistics,  it  gives  smoother 
curves  and  enables  us  (as  the  outcome  proves)  to  reach  a  clear  under- 
standing of  the  nature  and  biological  genesis  of  these  monthly  fecun- 
dity distributions  by  a  method  of  mathematical  analysis  which 
could  not  successfully  be  carried  out  on  the  much  more  meager  data 
of  a  single  year. 

The  writers  are  well  aware  of  the  importance  of  the  statistical 
canon  which  says  that  different  sets  of  data  should  not  be  mixed. 
They  would,  however,  call  attention  to  two  facts.  In  the  first  place, 
the  essential  homogeneity  of  the  present  material  in  regard  to  the 
character  here  under  discussion,  and  so  far  as  concerns  strictly  the 
problem  of  physiology  (and  not  of  heredity)  with  which  we  are  here 
and  now  dealing,  is  in  itself  a  sufficient  justification  for  the  statistical 
procedure  followed.  In  the  second  place  devotion  to  the  letter  of  a 
scientific  canon  should  not  be  so  blind  as  to  lose  sight  of  the  main 
purpose  of  the  use  of  the  method  involved.  The  purpose  of  the 
present  investigation  is  to  learn  so  far  as  possible  from  the  available 
data  the  true  facts  regarding  the  nature  and  physiological  genesis 
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of  the  monthly  fecundity  distributions.  Thorough  study  of  all  the 
detailed  data  has  convinced  us,  as  it  will  convince  anyone  else,  we 
feel  sure,  who  will  take  the  trouble  to  carry  it  out,  that  combining 
the  distributions  for  the  several  years  greatly  helps  and  in  no  way 
hinders  us  in  arriving  at  a  correct  and  adequate  knowledge  of  the 
facts. 

2.  While  the  material  which  gives  origin  to  these  monthly  fecun- 
dity distributions  is  biometrically  homogeneous,  it  is  not  possible  to 
fit  any  one  of  them  with  a  simple  unimodal  frequency  curve.  There 
is  no  escape  from  the  conclusion  that  they  are  compound  distribu- 
tions, even  though  statistically  homogeneous,  and  must  be  dealt  with 
as  such.  This  point  is  emphasized  because  there  is  some  tendency 
in  biometric  work  to  assert  that  if  a  distribution  does  not  fall  into 
the  usual  simple  unimodal  type  the  material  is,  by  virtue  of  that  fact, 
heterogeneous.  This,  of  course,  is  not  necessarily  true.  Proof  that 
it  is  not,  if  any  be  needed,  is  afforded  by  the  curves  of  monthly  fecun- 
dity of  the  present  paper  or  by  the  well-known  curve  of  human  mor- 
tality. It  is  perfectly  certain,  regardless  of  the  homogeneity  of  the 
sample  or  the  population  from  which  it  is  drawn,  that  if  the  number 
of  persons  dying  at  each  year  of  duration  of  life  from  0  to  the  upper 
limit  at  90+  out  of,  say,  100,000  born  at  the  same  time  be  platted, 
the  resulting  curve  will  not  be  a  simple  unimodal  one,  but,  on  the  con- 
trary, a  compound  one.  It  was  shown  a  number  of  years  ago  by  Pear- 
son "that  the  human  mortality  curve  is  composed  of  a  number  of  simple 
frequency  curves.  The  existence  of  such  compound  curves  in  homo- 
geneous material  should  make  one  cautious  in  the  use  of  purely  sta- 
tistical tests  of  heterogeneity.  Any  statistical  test  of  heterogeneity 
which  depends  upon  the  discovery  of  an  incipient  tendency  to  bimo- 
dality  in  the  data  woidd  appear  to  be  valid  only  in  cases  where  it  is  a 
priori  certain  that  the  material  does  not  actually  follow  a  compound 
rather  than  a  simple  unimodal  frequency  curve,  even  when  strictly 
homogeneous.  And,  on  the  other  hand,  an  assertion  of  homogeneity 
on  the  basis  of  a  statistical  test  alone,  without  previous  knowledge  of 
the  biological  facts,  may  be  equally  liable  to  be  invalid.  A  very 
excellent  example  in  this  direction,  indicating  the  entirely  fallacious 
result  to  which  a  purely  statistical  test  of  homogeneity,  may  lead  in 
the  absence  of  biological  information  as  to  the  detailed  facts  under- 
lying the  statistics,  is  very  well  brought  out  in  an  example  given  by 
Johannsen b  from  some  bean  measurements. 

With  these  two  facts  of  (1)  the  homogeneity  of  the  material  and 
(2)  the  compound  character  of  the  distributions  clearly  in  mind,  we 
may  turn  to  the  discussion  of  their  analysis. 

<» Pearson,  K.    The  Chances  of  Death,  Vol.  I. 

>>  Johannsen,  W.    Elemente  der  exakten  Erblichkeitslehre,  Jena,  1909,  p.  122. 
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At  the  outstart  it  is  desirable  to  outline  clearly  the  general  method 
followed  in  this  work.  The  reasoning  developed  in  the  rest  of  this 
section  may  be  briefly  outlined  in  the  following  way: 

1.  The  statement  of  an  hypothesis  as  to  the  biological  nature  and 
genesis  of  the  S-shaped  distributions  which  in  various  forms  are  found 
to  be  characteristic  of  variation  in  fecundity  in  the  several  months  of 
the  laying  year. 

2.  The  mathematical  testing  of  this  hypothesis. 

3.  The  demonstration  of  its  substantial  accuracy  and  adequacy. 
The  method  of  procedure  here  outlined  is  made  necessary  by  the 

nature  of  the  problem.  We  have  no  a  priori  knowledge  as  to  why 
these  S-shaped  distributions  appear.  It  is  not  feasible  to  go  further 
in  the  direction  of  experimentally  producing  them  than  has  been  done 
in  getting  the  present  statistics.  But  we  can  make  a  biological 
hypothesis  regarding  the  distributions.  Then  it  will  be  possible  to 
test  this  hypothesis  mathematically  by  determining  what  the  degree 
of  probability  is  that  the  actually  observed  system  of  frequencies  in 
any  given  case  follows  that  law  of  frequency  which  flows  from  the 
biological  assumption  made.  In  other  words,  by  a  mathematical 
comparison  of  observation  and  theory  we  can  measure  the  worth  of 
the  theory.  If  the  agreement  is  very  close,  it  is  legitimate  to  con- 
clude that  the  hypothesis  chosen  is  the  correct  one. 

STATEMENT  OF  THE  HYPOTHESIS. 

Careful  consideration  of  the  various  facts  brought  out  in  the  pre- 
ceding section  led  to  the  adoption  of  the  following  hypothesis  as  a 
working  basis  for  further  treatment  of  these  curves. 

It  is  assumed — 

1.  That  variations  or  changes  in  the  rate  of  fecundity  in  the  hen 
are  fundamentally  or  innately  continuous  (in  the  mathematical  sense), 
though  the  objective  manifestation  of  fecundity  here  is  discontinu- 
ous, i.  e.,  expressed  in  discrete  units.  That  is  to  say,  the  assumption 
is  that  if  an  individual  hen's  daily  egg  record  ran  like  this:  (A)  1,  0,  0, 
0,  1,  1,  0,  0,  1,  1,  1,  0,  1,  1,  1,  1,  0,  1,  1,  1,  1,  1,  1,  (B),  it  would  mean, 
first,  that  her  rate  of  fecundity  was  increasing  during  this  period  AB, 
and  second,  that  this  increase  in  rate  was  continuous  throughout  the 
period,  so  that  it  might  be  graphically  represented  by  some  kind  of  a 
smooth  curve,  as  in  the  accompanying  diagram  (fig.  26). 

Mathematically  expressed,  the  assumption  is  that  if  y  denotes  rate 
of  fecundity,  then 

y=<P  (x,t,  z) 

where  <$>(x,t,  z)  is  a  continuous  function  of  the  several  varia- 
bles, such  that  any  change  in  the  independent  variables,  however 
small,  will  be  accompanied  by  a  corresponding  change  in  the  depend- 
ent variable. 
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2.  That  actual,  visible  egg  production  in  each  individual  bird  tends 
to  occur  in  definite  cycles  or  periods  of  varying  lengths,  alternating 
with  nonproductive  periods. 

3.  That  the  rate  of  fecundity  (amount  of  egg  production  per  unit 
of  time  conceived  in  the  sense  of  the  differential  calculus)  is  in  any 
bird  at  a  minimum  at  the  beginning  of  a  cycle  of  production,  increases 
to  a  maximum  at  what  may  be  termed  the  height  of  the  cycle,  and 
decreases  to  a  minimum  as  the  end  of  the  cycle  is  approached. 

4.  That  each  of  the  monthly  fecundity  distributions  is  compound 
and  made  up  of  two  parts.  It  is  assumed,  in  other  words,  that  at 
any  given  instant  of  time  in  the  laying  year  a  flock  of  laying  hens 
could  be  separated  into  two  groups  if  it  were 
possible  to  know  exactly  the  physiological 
condition  of  their  reproductive  organs.  In 
one  group  would  be  included  all  birds  which   „    „,  .  .„  .  ,  4U 

°       1  ...  Fig.  21).— Diagram  to  illustrate  the 

were  at  the  moment  of  examination  well  along  nature  of  the  hypothesis  made 
in  a  period  of  laying  activity  (or  cycle  of     in  the  text  regarding  the  rate  of 

r,  J     °  j     ^         j  egg  production. 

fecundity).    These  would  be  birds  whose 

rate  of  fecundity  was  at  or  above  that  in  the  region  of  B  in  figure 
27.  In  the  other  group  would  be  included  those  birds  not  laying  at 
all  (that  is,  in  a  nonproductive  condition  or  period)  and  those  that 
had  just  emerged  from  this  condition  of  zero  fecundity  and  started 
on  a  laying  cycle.  These  would  be  birds  whose  rate  of  fecundity  was 
anything  from  zero  up  to  about  A  in  figure  27. 

5.  That  (a)  the  proportion  of  the  whole  flock  which  falls  into  each 
of  these  two  classes,  and  (b)  the  particular  rate  of  fecundity  which 
marks  the  boundary  between  the  two  classes  (the  line  AB  in  fig.  27) 
are  not  constant,  but,  on  the  contrary,  change  in  a  definite  and  orderly 

jATEorft^  manner  in  the  different 

parts  of  the  laying  year. 
  _  .  o-/wtoct*w      It  is  plain  that  on  the 

'  Of CYCLC  'OtPOfCYUS  . 

hypothesis  so  tar  set 

Fig.  27.— Diagram  illustrating  cycles  of  fecundity  in  the  hypothesis    forth  a  bird's  observed 
regarding  egg  production.  ... 

egg  production  m  any 
given  month  does  not  immediately  determine  in  which  of  the  two 
component  classes  of  the  flock  it  belongs.  Let  it  be  supposed,  for 
example,  that  a  particular  hen  lays  7  eggs  in  the  month  of  July. 
The  mere  knowledge  of  this  fact  alone  does  not  tell  us  whether  she 
laid  this  small  number  of  eggs  because  she  was  just  starting  on  a 
new  cycle  of  production,  or  on  the  other  hand  because  she  was  just 
ending  a  cycle  in  the  previous  course  of  which  her  rate  of  fecundity 
had  been  much  higher  than  7  eggs  in  a  thirty-day  period.  Yet  this 
!s  what  must  be  known  in  order  to  assign  her  to  her  proper  class. 

6.  That  the  distribution  of  frequency  within  each  of  the  two 
hypothetical  components  of  the  monthly  fecundity  distributions 

56681°— Bull.  110,  pt  2—11  5 
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follows  a  simple,  unimodal  skew  frequency  curve.  In  other  words,  it 
is  assumed  that  the  curve  describing  the  entire  monthly  fecundity 
distribution  is  in  each  case  the  sum  of  two  skew  frequency  curves. 

The  first  of  these  assumptions  needs  some  further  discussion. 
The  idea  that  egg  production  is  fundamentally  a  continuous  process 
(in  a  mathematical  sense)  may  at  first  thought  be  difficult  to  grasp 
because  the  objective  expression  of  egg  production  is  in  discrete  units. 
But  if  the  various  biological  steps  involved  in  the  production  of  an  egg 
be  once  viewed  as  a  whole,  there  will  then  be  no  difficulty  in  realizing 
the  continuity  of  the  process.  Beginning  in  the  young  embryo  there 
is  the  appearance  of  the  primary  germ  cells  in  the  germinal  epithelium. 
Later,  but  still  in  a  continuous  process  of  development,  the  definitive 
ovary  forms.  Then  the  primary  oocytes  begin  to  grow.  Presently 
yolk  begins  to  be  deposited  more  or  less  rapidly,  and,  finally,  at  the 
end  of  a  long  but  perfectly  continuous  process  of  development,  the 
ovum  is,  by  rupture  of  its  inclosing  follicle,  detached  from  the  ovary, 
passes  down  through  the  oviduct,  receiving  albumen,  membranes, 
and  shell,  and  is  laid  as  a  complete  egg.  But  in  the  meantime  many 
other  oocytes  are  going  through  this  same  process  of  development  and 
growth.  So  far  as  the  organism  as  a  whole  is  concerned,  egg  produc- 
tion viewed  as  a  whole  is  a  continuous  process.  The  "rate  of  egg 
production"  clearly  means  when  looked  at  in  a  broad  way,  the  rate 
at  which  all  phases  of  this  complex  biological  process  are  going  for- 
ward at  a  particular  time.  This  rate  varies  at  different  times  in  the 
life  history  of  a  bird.  There  may  be  a  definite  and  positive  "rate  of 
fecundity"  when  a  bird  is  not  laying  at  all.  Of  course,  under  such 
circumstances  this  rate  can  not  be  directly  measured,  although  it  can 
indirectly  be  estimated.  It  is  the  rate  at  which  development  of 
oocytes  preparatory  to  laying  is  taking  place. 

The  second  assumption  is  really  not  an  assumption  at  all,  but  a 
well-known  fact.  The  third  to  the  sixth  assumptions  inclusive  will 
be  tested  in  the  present  work. 

The  clue  to  the  way  in  which  to  make  this  test  is  given  in  the  last 
assumption,  which  asserts  that  the  observed  distributions  represent 
the  sum  of  two  frequency  curves.  If  this  is  in  reality  the  fact  it 
should  be  possible  to  graduate  or  "fit"  the  observed  data  satisfactorily 
with  two  skew  curves,  and  a  successful  outcome,  of  the  trial  would  be 
practically  conclusive  evidence  of  the  validity  of  the  hypothesis  made. 
If,  on  the  contrary,  trial  should  show  that  it  was  impossible  to  graduate 
these  monthly  distributions  satisfactorily  as  the  sum  of  two  skew 
distributions,  it  would  be  necessary  to  conclude  that  the  hypothesis 
made  was  either  inadequate  or  entirely  incorrect.  It  is  plain  that  hi 
the  practical  working  out  of  this  matter  the  decision  as  to  which  of 
these  two  conclusions  shall  be  drawn  will  depend  on  the  goodness  of 
fit  of  the  theoretical  skew  frequency  curves  to  the  observed  distribu- 
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tions;  that  is,  it  will  turn  on  the  mathematical  criterion  of  the  "satis- 
factory" or  "successful"  nature  of  the  graduation.  Fortunately  in 
the  case  of  frequency  curves  we  have  an  effective  criterion  of  the 
goodness  of  fit.  It  was  first  shown  by  Pearson  a  that  the  probability 
P  that  a  complex  system  of  n  errors  will  occur  with  a  frequency  as 
great  or  greater  than  that  of  the  observed  system  is  given  by  the 
expression : 


xn-l  d]( 


wherein  %  is  such  a  quantity  that,  if  mT  and  m'T  be  respectively  the 
observed  and  theoretical  frequencies  in  each  of  the  n  frequency 
groups,  then 

(fmr  —  m'r" 


X 


3  =  S 


mT 


S  denoting  summation  as  usual.  In  the  paper  cited  the  complex 
integrals  in  the  expression  for  P  were  evaluated,  and  the  proper 
equations  for  P  with  n  odd  or  even  were  given.  Later  Elderton6 
published  tables  giving  the  value  of  P  for  a  rather  wide  range  of 
values  of  %2  and  n.  Regarding  the  significance  of  this  test  of  the 
goodness  of  fit  Pearson  (loc.  cit.,  p.  166)  says: 

Thus  I  think  we  can  conclude,  when  we  are  dealing  with  a  sufficiently  long  series 
to  give  small  probable  errors  to  the  constants  of  the  series,  that — 

(i)  If  x2s  be  so  small  as  to  warrant  us  in  speaking  of  the  distribution  as  a  random 
variation  on  the  frequency  distribution  determined  from  itself,  then  we  may  also 
speak  of  it  as  a  random  sample  from  a  general  population  whose  theoretical  distribu- 
tion differs  only  by  quantities  of  the  order  of  the  probable  errors  of  the  constants, 
from  the  distribution  deduced  from  the  observed  sample. 

(ii)  If  x2s  be  80  large  as  to  make  it  impossible  for  us  to  regard  the  observed  distribu- 
tion as  a  sample  from  a  general  population  following  the  law  of  distribution  deduced 
from  the  sample  itself,  it  will  be  impossible  to  consider  it  as  a  sample  from  any  general 
population  following  a  distribution  differing  only  by  quantities  of  the  order  of  the 
probable  errors  of  the  sample  distribution  constants  from  that  sample  distribution. 
In  other  words,  if  a  curve  is  a  good  fit  to  a  sample,  to  the  same  fineness  of  grouping 
it  may  be  used  to  describe  other  samples  from  the  same  general  population.  If  it  is 
a  bad  fit,  then  this  curve  can  not  serve  to  the  same  fineness  of  grouping  to  describe 
other  samples  from  the  same  population. 

What  we  propose  to  do,  then,  is  to  determine  mathematically  the 
probability  that,  as  indicated  by  our  samples,  the  general  popula- 

a  Pearson,  K.  On  a  criterion  that  a  given  system  of  deviations  from  the  probable  in 
the  case  of  a  correlated  system  of  variables  is  such  that  it  can  be  reasonably  supposed 
to  have  arisen  from  random  sampling.    Philosophical  Magazine,  1900,  pp.  158-175. 

&Elderton,  W.  P.  Tables  for  testing  the  goodness  of  fit  of  theory  to  observation. 
Biometrika,  Vol.  I,  pp.  155-1C3.  1901. 
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tion  from  which  these  samples  may  he  supposed  drawn  (i.  e., 
Plymouth  Rock  pullets  in  general)  follows  the  system  of  distribu- 
tion of  fecundity  which  on  biological  grounds  we  have  proposed  as  an 
hypothesis.  The  probability  determined  indicates  the  degree  of 
probability  that  the  hypothesis  is  true.  Especial  effort  is  made  to 
make  this  point  perfectly  clear  because  at  first  thought  it  might 
appear  that  the  procedure  here  used  is  of  the  same  character  as  that 
which  one  of  the  writers  has  criticized  on  a  previous  occasion." 
The  cases  are,  however,  entirely  different.  The  point  which  was 
criticized  in  the  paper  referred  to  was  the  attempt  to  prove  an  essen- 
tially qualitative  hypothesis  by  the  use  of  quantitative  methods  alone. 
In  the  present  instance  we  have  made  an  hypothesis  which  has  to 
do  solely  with  quantitative  characteristics  of  the  physiological  pro- 
cess of  egg  production  (fecundity).  The  proper  and  strictly  logical 
procedure  is  to  test  the  validity  of  this  quantitative  hypothesis  by  the 
use  of  appropriate  quantitative  (mathematical)  methods. 

THE  FITTING  OF  THE  CURVES. 

Let  us  turn  now  to  the  fitting  of  the  curves.  Inasmuch  as  the 
graduation  of  a  frequency  distribution  as  the  sum  of  two  skew  curves 
has  not  hitherto  been  developed,''  it  was  necessary  to  work  out  a 
method  of  approaching  the  problem.  In  doing  this  we  have  pro- 
ceeded in  a  strictly  empirical  manner.  The  limitations  of  the  writers' 
mathematical  attainments  forbid  the  undertaking  of  a  general  ana- 
lytical discussion  of  the  problem  of  resolving  a  compound  distribu- 
tion into  two  skew  curves.  Our  experience,  however,  in  dealing 
with  these  distributions  in  an  empirical  way  has  at  a  number  of 
points  suggested  strongly  that  there  must  exist  a  general  analytical 
solution  of  the  problem.  We  would  suggest  this  problem  to  any 
unoccupied  mathematician  as  one  of  considerable  theoretical  interest, 
and,  if  solved,  of  much  practical  importance. 

The  method  of  approach  which  has  been  followed  in  the  present 
investigation  is  as  follows: 

1.  To  take  the  area  of  the  sum  of  the  two  component  skew  curves 
to  be  equal  to  the  area  of  the  observed  distribution. 

"Pearl,  R.  Some  recent  studies  on  growth.  American  Naturalist,  Vol.  XLII1, 
pp.  302-316.  1909. 

&The  treatment  of  a  skew  curve  as  the  sum  of  two  normal  curves  was  fully  worked 
out  by  Pearson  a  number  of  years  ago.  See  Philosophical  Transactions,  Vol.  185  A, 
pp.  71-110.  1894.  While  the  present  paper  was  passing  through  the  press  a  method 
of  treating  certain  bimodal  curves  similar  in  form  to  the  S-shaped  curves  here  dealt 
with  was  published  by  G.  Udny  Yule,  underthe  title  "  On  the  Distribution  of  Deaths 
with  Age  When  the  Causes  of  Death  act  Cumulatively,  and  Similar  Frequency  Dis- 
tribul-'ons."    Jour.  Roy  Stat.  Soc.  Vol.  73,  Part  1,  pp.  (of  reprint)  1-13,  1910. 
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2.  To  make,  by  graphical  methods,  a  series  of  assumptions  as  to 
the  range,  midpoint,  and  shape  of  each  of  the  two  component  dis- 
tributions. 

3.  To  test  the  goodness  of  these  assumptions  by  fitting  skew  curves 
to  a  given  pair  of  assumed  components,  determining  areas,  summing 
the  two  curves  obtained,  and  then  testing  how  good  a  fit  had  been 
obtained  to  the  whole  distribution,  using  Elderton's  tables.  If  a 
given  assumption  gave  a  high  value  for  P  it  was  concluded  that  the 
component  curves  had  been  determined  adequately  enough. 

It  will  be  seen  that  this  is  a  strictly  empirical,  "cut-and-try " 
method,  but  it  is  not  more  so  than  any  kind  of  curve  fitting  where 
the  appropriate  curve  to  use  is  not  known  a  priori.  In  ordinary 
work  it  is  often  impossible  a  priori  to  tell  whether  a  third  order  or  a 
fifth  order  parabola  or  a  logarithmic  curve  will  best  graduate  a  given 
set  of  data.  The  only  way  to  find  out  is  to  try  each  of  the  curves 
and  see  which  gives  the  best  result,  taking  all  known  facts  into  con- 
sideration. In  all  such  curve  fitting  the  only  general  principle  which 
one  has  as  a  guide  is  that  "the  proof  of  the  pudding  is  in  the  eating," 
not  forgetting,  of  course,  the  distinction  between  true  graduation 
methods  on  the  one  hand  and  interpolation  methods  of  fitting  or 
their  equivalents  on  the  other  hand. 

Since  the  amount  of  labor  involved  in  dealing  with  these  compound 
distributions  by  the  method  outlined  is  very  great,  and  since  the 
monthly  distributions  (with  two  possible  exceptions  to  be  presently 
considered)  are  of  the  same  general  type,  it  has  seemed  neither  neces- 
sary nor  advisable  to  undertake  in  detail  here  the  analysis  of  the 
distribution  for  each  month.  Instead  we  have  chosen  for  analysis 
several  months  which  give  typical  illustrations  of  the  different  forms 
which  the  S-shaped  distributions  take  in  the  course  of  the  year.  As 
has  been  previously  shown  (pp.  126-132),  the  distributions  in  the 
fall  and  winter  months  are  characterized  by  having  a  very  high 
zero  frequency  and  a  rather  flat  upper  component.  As  an  illustration 
of  the  extreme  deviation  of  the  monthly  distributions  in  this  direction 
November  has  been  chosen  for  analysis.  The  other  extreme  in  the 
shape  of  the  distributions  is  found  in  the  spring  months  where  the 
lower  component  is  very  small  and  the  high  frequencies  fall  in  the 
upper  component.  As  a  typical  illustration  of  the  spring  type  of 
distribution  April  has  been  chosen  for  analytical  treatment.  The 
summer  laying  leads  to  distributions  which,  as  has  been  seen  already, 
are  intermediate  in  form  between  the  extremes  mentioned.  As  an 
illustration  of  this  intermediate  type  the  month  of  July  has  been 
chosen. 

These  three  months — November,  April,  and  July — fairly  represent 
the  different  forms  taken  by  the  monthly  distributions  in  the  differ- 
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ent  parts  of  the  laying  year.  Nothing  essential  to  the  present  dis- 
cussion will  be  gained  by  dealing  in  detail  with  the  distributions  for 
the  other  months. 

At  this  point  a  word  should  be  said  in  regard  to  the  methods  of 
calculation  used  in  fitting  these  curves.  The  raw  moments  were 
used  in  all  cases,  Sheppard's  corrections  not  being  applied.  The 
reason  for  this  was  the  absence  of  high  contact  at  one  end  of  the 
lower  component  in  all  cases.  Practically  all  computing  was  done 
on  a  large  Millionaire  calculating  machine,  and  all  possible  checks 
were  applied  to  insure  arithmetical  accuracy.  In  calculating  the 
areas  of  the  fitted  curve  Simpson's  quadrature  formula 

was  used  except  for  the  end  class  in  the  case  of  the  J -shaped  lower 
component  curves.  In  these  curves  the  ordinate  at  the  start  of  the 
range  is  infinite,  but  the  area  over  any  base  element  is  finite.  Here 
evidently  no  quadrature  formula  is  adequate. 

An  equation  for  such  a  case  where,  as  in  the  present  examples,  the 
J -curve  is  of  Type  I,  isa — 

|Vm^^*^p"^^(^-^t+  . . .) 

where  x  is,  of  course,  the  distance  from  the  start  of  the  curve  where 
the  ordinate  is  infinite  up  to  the  upper  limit  of  the  end  class  to  which 
this  ordinate  belongs.  In  using  this  formula  y0  must  be  calculated 
by  the  formula 

„  =      N   r(r)  

lm+m,+ 1  •    P(mi  +  ]  )  f  (m2  +  1) 
COMPONENTS  AND  FITTED  CURVES  FOR  NOVEMBER  DISTRIBUTION. 

The  November  distribution  may  be  discussed  first,  although  it  was 
not  the  first  actually  to  be  resolved  into  two  skew  curves.  Expe- 
rience with  other  and  more  tractable  distributions  made  it  possible 
to  hit  upon  an  adequate  assumption  as  to  the  component  curves  in 
this  case  at  the  first  trial.  The  assumed  component  distributions 
and  the  fitted  curves  are  given  in  Table  10.  In  this  table  and  all 
the  discussion  which  follows  the  lower  component  (small  egg  pro- 
duction) will  be  designated  as  the  "A  component  "  and  the  upper 
(large  production)  as  the  "B  component." 

"Elderton,  W.  P.    Frequency  Curves  and  Correlation.    London,  1907.    P.  104. 
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Table  10. — November  egg  production,  showing  the  assumed  components  and  their  fitted  i 

curves. 


Kggs  laid  in  tile  inonlll. 

Assumed  A 
component 
distribution. 

Theoretical 
A  component 
distribution 
(areasj. 

Assumed  B 
component 
distribution. 

Theoretical 
B  component 
distribution 

(areas). 

0  

1,189 
137 

1,190 

1  

132 

2  

47 

1 

3  

33 

30 

4 

5 

4  

19 

18 

11 

5  

10 

11 

9t; 
a< 

6  

li 

0 

31 

24 

7  

3 

4 

29 

30 

8  

2 

2 

30 

31  i 

9  

1 

1 

40 

41 

39 

45 

49 

48 

30 

51 

01 

52 

47 

51 

50 

30 

48 

43 

44 

39 

40 

41 

34 

23 

28 

24 

22 

13 

15 

5 

9 

0 

3 

1,447 

1,449 

700 

705 

The  analytical  constants  of  these  distributions  are  given  in  Table 
11.  Since  the  data  were  not  grouped  in  the  calculations,  the  unit 
of  the  constants  throughout  is  one  egg. 

Table  11. — Analytical  constants  of  variation  in  November  egg  production. 


Constant. 


A  component 
curve. 


N  

m  

w  

IH  



V";  

0«  

h  3  

Kl  

K2  

Pearson's  type  

ai  

«i  

TOl  

77*2  

Skewness  

rf  

Standard  deviation. . . 

Mean  

Mode  

Coefficient  of  variation 

Range  

+  end  of  range  

—  end  of  range  


B  component 
curve. 


1447 

706 

1.  0098 

22.  4391 

4. 2481 

-4.0012 

23.  4054 

1,132. 1070 

14.7403 

0. 0015 

3. 8393 

0. 0382 

20.  5041 

2. 2485 

17.5041 

-0.  7515 

-9.  2128 

-1.5072 

-5.8400 

-0. 0007 

I 

II 

-8. 7732 

19.  7304 

11.5882 

-0.8822 

1.  9847 

1. 4922 

+8.  8855 

0 

9. 1903 

0 

1.034±.013 

4.737± 

085 

0. 372  ±.018 

13.347± 

120 

-8. 8185a 

13.347± 

120 

278. 184±14. 158 

35.  491  ± 

713 

10. 9032 

23.1704 

10. 9179 

24. 9352 

-0.  0453 

1.7588 

a  In  "J-shaped"  Type  I  curves  of  this  sort  the  mode  ceases  to  have  its  usual  physical  meaning  and 
becomessimply  an  algebraical  constant  of  the  curve.   It,  of  course,  still  remains  the  point  of  origin  of  x. 
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From  the  table  the  following  points  are  to  be  noted : 

1.  Both  of  the  component  curves  prove  to  belong  to  limited  range 
types  of  Pearson's  skew  curves.  This  must  be  regarded  as  a  first 
point  in  favor  of  the  general  hypothesis  on  which  we  are  working. 
The  amount  of  egg  production  per  bird  in  a  given  time  interval  is 
a  physically  limited  quantity.  Theoretically,  then,  there  is  good 
ground  for  expecting  that  the  theoretical  curves  which  are  to  describe 
the  quantitative  features  of  this  process  should  be  limited  range 
curves.  The  estimation  of  the  range  given  by  the  curves  in  the  pres- 
ent case  is  in  excellent  accord  with  observed  fact.  The  lower  range 
end  of  the  A  component  and  hence  of  the  whole  curve  is  at  — 0.045 
egg,  or  practically  at  0  egg  production.  The  upper  range  end  of  the 
B  component  and  hence  of  the  whole  curve  is  at  24.93,  or  practically 
25  eggs.  The  highest  observed  November  production  is  24  eggs,  but 
the  frequency  is  unduly  high  on  this  class  and  undoubtedly  should 
be  distributed  over  two  or  three  higher  classes. 

2.  The  A  component  curve  is  of  Pearson's  Type  I.  It  belongs  in 
the  class  of  J -shaped  curves  where  one  of  the  m's  is  negative.  The 
B  component  is  a  symmetrical  curve  of  Type  II,  and  has  the  ordinary 
"cocked-hat"  shape.  The  absence  of  skewness  in  this  component 
is  noteworthy. 

3.  From  the  figures  given  it  appears  that  67  per  cent  of  the  flock 
falls  in  the  A  component  in  the  November  laying,  and  33  per  cent 
in  the  B  component.  In  other  words,  according  to  the  hypothesis 
developed  above,  it  appears  that  67  per  cent  of  the  flock  either  are 
not  laying  at  all  in  November  or  have  just  started  to  lay,  while  33 
per  cent  are  well  along  in  a  laying  cycle  in  the  course  of  the  month. 

4.  The  centroid  (mean)  of  the  A  component  falls  within  the  zero 
class  (0.372  egg).  The  centroid  of  the  B  component  is  at  13.347, 
almost  exactly  13  eggs  higher.  It  thus  appears  that  while  some  33 
per  cent  of  the  birds  are  well  on  in  a  laying  cycle  in  November,  the 
rate  of  production,  even  of  these  B  component  birds,  is  not  as  high  as 
it  becomes  later  in  the  year. 

5.  The  B  component  shows  the  greater  absolute  variability  (meas- 
ured by  standard  deviation).  But  in  proportion  to  the  mean  of  the 
character  varying  (coefficient  of  variation)  it  exhibits  a  much  lower 
variability  than  the  A  component.  The  coefficient  of  variation  of 
the  B  component  has  about  the  same  value  as  the  average  for  annual 
production  (see  Part  I,  p.  29). 

The  equations  to  the  curves  are: 


x 


-.8822 


X 


) 


1.9847 


A  component  y  =  7 1.9022 


1  -  c 


S.7732 


1  -  rrr 


19.7364 


B  component  y  =  51.6283  (  1 
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The  November  distribution  and  its  fitted  curves  are  shown  graphic- 
ally in  figure  28. 

We  have  now  to  consider  the  question  of  the  closeness  of  agree- 
ment between  observation  and  theory  for  the  November  egg  produc- 
tion. It  is  evident  from  figure  28  that  in  general  the  fit  of  the  com- 
bined A  and  B  component  curves  to  the  observations  is  close.  The 
general  sweep  of  the  observations  is  satisfactorily  accounted  for  by 
the  theoretical  curve.    In  applying  Pearson's  test  of  the  goodness  of 
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NOVEMBER  EGG  PRODUCT/ON. 
Fig.  28— Histogram  and  fitted  curves  for  November  egg  production. 

fit  here,  however,  there  are  some  points  which  need  preliminary 
consideration.  In  the  first  place  it  has  to  be  recognized  that,  while 
our  sample  is  fairly  large  as  statistical  data  in  biology  go,  yet  over 
50  per  cent  of  the  total  frequency  in  this  case  falls  in  one  class  (zero 
egg  production).  Further,  since  the  data  are  ungrouped,  it  results 
that  the  remaining  frequency  is  spread  over  a  large  number  of  classes 
(24).  This  means  that  the  frequency  on  any  class  except  0  will  be 
small,  and  hence,  with  a  character  so  highly  variable  absolutely  and 
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relatively  as  egg  production  is,  it  can  not  be  expected  that  a  sample 
of  anything  like  the  size  of  the  present  one  will  give  a  smooth  distri- 
bution. Figure  28  plainly  shows  that  there  is  a  great  deal  of  irregu- 
larity in  individual  frequencies  in  the  B  component  part  of  the  dis- 
tribution. Such  irregularity  is  only  what  is  to  be  expected  in  a 
distribution  of  the  shape  of  the  present  one,  when  the  sample  is  no 
larger  than  this  is.  As  a  result  of  this  irregularity  due  to  the  small- 
ness  of  the  sample  in  relation  to  the  number  of  classes  showing  a 
frequency,  the  value  of  #2  may  be  made  very  large  as  the  effect  of 
one  or  two  irregular  classes,  even  though  the  theoretical  curve  rep- 
resents very  precisely  the  general  sweep  of  the  observations.  In 
view  of  these  facts  it  seems  advisable  to  smooth  the  minor  irregu- 
larities of  the  individual  classes  in  the  B  component,  which  have  no 
relation  to  the  general  form  of  the  curve.  This  will  help  to  make  the 
application  of  Pearson's  test  a  fair  measure  of  the  goodness  of  fit  of 
the  whole  curve  to  the  observations.  We  have  accordingly  made  a 
graphical  "first  smooth"  of  the  observations  from  class  10  on  to 
the  end  of  the  curve.  The  smoothing  is  started  at  10  because  the 
A  component  curve  ends  at  9.  In  other  words,  no  smoothing  is  done 
in  the  critical  region  of  the  curve  where  both  A  and  B  components 
contribute  to  the  final  result. 

In  Table  12  Pearson's  test  of  the  goodness  of  fit  is  applied  succes- 
sively to  the  rough  and  the  smoothed  observations. 

Table  12. — Comparison  of  observed  and  theoretical  November  egg  production  distributions. 


Eggs  laid  in  month. 


Observed 
total 
distribution. 


0  

1  

2  

3  

4  

5  

C  

7  

8  

9  

10  

11  

12  

13  

14  

15  

16  

17  

18  

19  

20  

21  

22  

23  

24  

Total 


,189 
137 
47 
37 
26 
36 
37 
32 
32 
41 
39 
49 
3(i 
CI 
47 
77 
30 
43 
39 
41 
23 
24 
13 
S 
6 


"First 
smooth"  of 
observations 
beyond  end 
of  raDge  of  A 
component. 


Theoretical 

total 
distribution 
(areas). 


1,189 
137 
47 
37 
26 
36 
37 
32 
32 
41 
42 
43 
45 
51 
.58 
59 
47 
40 
40 
37 
27 
20 
13 
7 
4 


1,190 
132 
56 
35 
29 
28 
3(1 
34 
38 
42 
45 
48 
51 
52 
51 
50 
4S 
44 
40 
34 
28 
22 
15 


2,154 


(TOr— m  V)» 

mr 
Raw  (iata. 


0.  001 
.189 

1 .  446 
.114 
.310 

2.  286 
1.633 

.118 
.947 
.024 
.800 
.021 
4.412 
1.558 
.314 
14.580 
6.  750 
.023 
.025 
1.441 
.893 
.182 
.267 
1.778 
3.000 


43. 112 


(Wr-M'f)' 
mr 
"  First 

smooth." 


0.001 
.189 

1.446 
.114 
.310 

2.280 

1.633 
.118 
.947 
.024 
.200 
.521 
.706 
.019 
.901 

1.620 
.021 
.  364 
.400 
.265 
.030 
.182 
.207 
.444 
.333 


13. 407 
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From  the  table  the  following  points  are  to  be  noted: 

1.  As  the  raw  observations  stand,  Pearson's  test  would  indicate 
that  the  theoretical  curve  gives  an  extremely  poor  graduation.  For 
w  =  25  and  /  =  40,  Elderton's  table  gives  P  =  0.021387,  or  on  this 
result  it  would  be  expected  that  98  or  99  times  in  every  100  trials  we 
should  be  likely  to  get  a  better  agreement  between  observation  and 
theory  than  that  here  shown  if  samples  were  taken  from  a  general 
population  following  the  law  of  frequency  given  by  the  theoretical 
curve. 

2.  But  it  is  clear  from  figure  28  that  the  curve  is  by  no  means  so 
bad  a  fit  as  this  would  indicate.  On  the  contrary,  it  is  a  plain  and 
obvious  fact  that  the  curve  gives  a  very  excellent  representation  of 
the  general  sweep  of  the  observations.  In  other  words,  the  curve 
gives  a  satisfactory  graduation  of  the  data  as  a  whole,  though  in  so 
doing  it  necessarily  quite  fails  to  hit  a  few  (actually  4)  very  irregular 
class  frequencies. 

3.  An  analysis  of  the  %2  column  for  the  raw  data  shows  that  this 
value  of  43.112  owes  its  extreme  magnitude  chiefly  to  the  contribu- 
tions from  4  classes,  viz,  12,  15,  16,  and  24.  Class  15  alone  adds 
14.580  to  x2.  A  study  of  the  detailed  figures  in  this  column  in  con- 
nection with  figure  28  will  serve  to  convince  anyone  that  the  value 
of  P  obtained  from  the  raw  data  in  this  case  merely  signifies  that 
the  curve  fails  entirely  to  fit  4  out  of  the  25  observed  class  frequencies. 
It  gives  no  proper  measure  at  all  of  the  validity  of  the  graduation  of 
the  data  as  a  whole. 

4.  Such  a  measure  is  much  more  accurately  given  by  the  figures 
in  the  last  column  of  the  table.  Here  the  theoretical  curve  and  the 
observations  graphically  smoothed  (in  a  nonarbitrary  manner)  in 
the  part  of  the  distribution  beyond  the  end  of  the  A  component 
range  are  compared.  Here  we  get  ■£•  =  13.407.  Elderton's  tables 
show  that  for  n  =  25,  P  =  0.966121  when  £2  =  13  and  0.946650  when 
X2  =  14.  In  other  words,  if  samples  of  the  size  of  the  present  one  were 
drawn  from  a  population  obeying  the  law  of  frequency  given  by  the 
theoretical  curve,  only  about  5  times  in  every  100  trials  should  we 
expect  to  get  as  close  or  closer  agreement  between  observation  and 
theory  than  the  present  figures  show. 

5.  Taking  all  the  facts  into  consideration,  it  appears  that  the 
theoretical  compound  frequency  curve  obtained  as  the  sum  of  two 
skew  curves  so  closely  fits  the  observations  that  it  may  be  inferred 
with  a  high  degree  of  probability  that  what  differences  exist  between 
observation  and  theory  arise  only  as  a  result  of  the  errors  of  random 
sampling.  From  this  the  conclusion  would  seem  to  be  justified  (ac- 
cording to  the  principles  set  forth  in  the  quotation  from  Pearson,  p. 
139)  that  the  distribution  of  November  egg  production  is,  in  general, 
compound  in  character,  as  postulated  in  our  original  hypothesis. 
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COMPONENTS  AND  FITTED  CURVES  FOR  APRIL  DISTRIBUTION . 

Let  us  turn  now  to  the  consideration  of  the  April  distribution. 
The  assumed  components  and  their  fitted  curves  are  given  in  Table  13. 

Table  13. — April  egg  production,  showing  the  assumed  components  and  their  fitted  curves. 


J'j^s  hii<l  in  tliii  month. 

Assumed  A 
component 
distribution. 

Theoretical 
A  component 
distribution 
(areas). 

Assumed  B 
component 
distribution. 

55 

48 

i  

28 

29 

1 

Ki 

18 

3 

U 

12 

8 

4  

8 

8 

1(1 

5  

-! 

5 

19 

(i  

2 

:t 

23 

7  

1 

l 

32 

28 

58 

10  

7li 

79 

119 

125 

14  

150 

15  

1(18 

102 

180 

18  

185 

19  

171 

20  

184 

104 

22  

124 

23  

95 

24  

03 

25  

29 

2<i  

15 

27  

5 

28   ...   

3 

Total  

122 

124 

2, 285 

Theoretical 
B  component 
distribution 

(areas). 


1 

2 
3 
0 
9 
15 
21 
31 
42 


90 
1118 
127 
110 
102 
175 
183 
180 
181 
109 
151 
120 
97 
0(i 
38 
10 
3 


2,282 


The  analytical  constants  for  these  distributions  are  given  in 
Table  14. 

Table  14. — Analytical  constants  of  variation  in  April  egg  production. 


Constant. 


A  component 
curve. 


B  component 
curve. 


N  



to  

IU  

v&  



02-3  

Kl  

K2  

Pearson's  type  

«i  

02  

mi  

TttS  

Skewness  

d  

Standard  deviation . . . 

Mean  

Mode  

Coefficient  of  variation 

Range  

+end  of  range  

—end  of  range  


122 

2285 

2. 0500 

22.240G 

5. 0934 

-41.7310 

28.  4013 

1387.  6460 

1.7400 

0.1583 

1.3193 

0. 3977 

4.0509 

2.8053 

1.0509 

-0. 1947 

-3. 1199 

-0. 8042 

-0.  6314 

-0. 1430 

I 

I 

-7.8617 

25. 4224 

15. 6646 

10. 1462 

-0.  5239 

6. 7437 

1.0438 

2.6914 

5. 7344 

-0. 2832 

9.3300 

-1.3355 

1.628±,070 

4.  716±.047 

1.295±.099 

16.539±.007 

-8.0409 

17.8747 

125.712±11.072 

28. 514±.307 

7.8029 

35.5686 

7. 0237 

28.0208 

-0. 1792 

-7.5478 
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From  this  table  we  note  the  following  points : 

1.  As  in  the  case  of  the  November  distribution,  both  of  the  com- 
ponent curves  are  of  limited  range.  In  this  case  both  are  of  Type  I, 
the  A  component  curve  being,  as  before,  of  the  J -shape.  The  esti- 
mation of  the  range  ends  is  in  close  accord  with  the  facts  in  the  A 
component  curve,  giving  the  lower  at  —0.1792  or  practically  zero 
and  the  upper  at  7.6237.  The  upper  end  of  the  B  component  (28.0208) 
falls  a  little  short  of  the  observational  range,  but  not  badly  so.  The 
lower  end  of  the  B  curve  is  at  —7.5  roughly,  which  is,  of  course,  a 
physically  impossible  value.  However,  no  particular  importance 
is  to  be  attached  to  this  fact,  because  the  frequency  in  this  com- 
ponent below  the  zero  class  is  negligible." 

2.  The  values  of  the  areas  show  that  in  the  April  laying  only  a 
trifle  more  than  5  per  cent  of  the  total  flock  falls  in  the  A  component 
of  the  curve,  while  95  per  cent  falls  in  the  B  component.  This  result 
agrees  very  well  with  common  experience  that  in  April,  which  repre- 
sents about  the  height  of  the  natural  breeding  season,  practically 
all  of  the  birds  are  well  along  in  a  laying  cycle. 

3.  The  mean  of  the  A  component  falls  at  1.295,  about  1  egg  higher 
than  in  the  case  of  the  November  distribution.  The  mean  of  the  B 
component  is  at  approximately  16.5  eggs,  showing  an  increase  of  about 
3  eggs  over  the  November  B  component. 

4.  The  absolute  variabilities  of  the  two  components  stand  in  about 
the  same  relation  to  each  other  as  in  the  November  curve.  The  A 
component  is,  however,  somewhat  more  variable  absolutely  in  this 
curve  than  in  the  other.  Relatively  (as  measured  by  the  coefficient 
of  variation)  both  components  have  a  lower  variability  in  the  April 
than  in  the  November  curve. 

5.  The  B  component  in  this  curve  is  skew  in  the  negative  direction 
(mode  larger  than  mean),  though  the  asymmetry  is  not  great  in 
amount. 

The  equations  of  the  curves  are — 


(x      \ -0.5239  /  x  \ 

1_  7^86X77        V  -15^6467 

B  component  y  =  185.91  t  l+25  4224/       \  x  / 


1.0438 


The  distribution  and  fitted  curves  are  shown  graphically  in  fig- 
ure 29. 

It  is  apparent  from  the  figure  that  the  agreement  between  observa- 
tion and  theory  in  this  case  is,  in  general,  excellent.  Here  the  small 
area  comprised  in  the  A  component  leaves  relatively  large  frequencies 

"See  Part  I,  pp.  32-38,  for  a  discussion  of  this  matter  of  the  extension  of  the  range 
into  negative  values. 
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for  the  remaining  portion  of  the  curve.  The  detailed  figures  for  the 
Pearson  test  of  the  goodness  of  fit  are  given  in  Table  15. 


— 1 

,  

1 

1 

i 

n 

1 — IN 

\ 

1 

\\ 

/ 

/ 

\ 

J 

\ 

I 

/ 

\ 

/ 

/ 

'  s 

i  1 

k 

s 

i 

:  1 

I 

80 


stP/t/L   EGG  PRODUCT/ON  ' 
Fig.  29.— Histogram  and  fitted  curves  for  April  egg  production. 

Table  15. — Comparison  of  observed  and  theoretical  April  egg-production  distributions. 


Eggs  laid  in  the  mouth. 

Observed 
total  distri- 
bution. 

Theoretical 
to!al  distribu- 
tion (areas). 

(Mr-mV)' 

mr 

55 

49 

0. 735 

29 

31 

.129 

10 

21 

1. 190 

19 

17 

.235 

18 

17 

.459 

23 

20 

.450 

25 

24 

.042 

33 

32 

.031 

28 

42 

4.  007 

58 

50 

.071 

7(i 

72 

.222 

79 

90 

1.344 

119 

108 

1.120 

125 

127 

.032 

150 

140 

.110 

108 

102 

.222 

102 

175 

.  900 

180 

183 

.049 

185 

180 

.005 

171 

181 

.552 

184 

109 

1.331 

104 

151 

1.119 

124 

126 

.032 

95 

97 

.041 

03 

00 

.  130 

29 

38 

2.132 

15 

10 

.  003 

5 

3 

1.333 

3 

a,  407 

2, 405 

18,418 

SEASONAL  DISTRIBUTION  OF  EGG  PRODUCTION. 


151 


The  figures  in  this  table  support  the  conclusion  reached  from  an 
examination  of  the  curve.  From  Elclerton's  table  it  appears  that 
when  n  =  28  and  z2=18,  P  =  0.903519,  and  when  *2  =  19,  P  = 
0.870001.  Or,  in  other  words,  the  figures  indicate  that  if  the  distri- 
bution of  April  egg  production  in  Barred  Plymouth  Kock  pullets 
followed  exactly  the  law  given  by  the  combined  theoretical  curves 
we  should  expect  to  get  a  better  agreement  between  observation  and 
theory  when  tested  by  random  samples  of  the  size  of  the  present  one 
in  only  about  11  or  12  out  of  every  100  trials.  The  graduation  is 
excellent,  and  may  be  taken  to  indicate  with  the  degree  of  proba- 
bility implied  in  the  above  figures  that  the  general  hypothesis  regard- 
ing the  quantitative  characteristics  of  egg  production  is  true  for 
April  production. 

COMPONENTS  AND  FITTED  CURVES  FOR  JULY  DISTRIBUTION. 

Let  us  turn  next  to  the  July  distribution.  The  final  assumed 
component  distributions  and  their  fitted  curves  are  given  in  Table  16. 


Table  16. — July  egg  production,  showing  the  assumed  components  and  their  fitted  curves. 


Eggs  laid  in  the  month. 

Assumed  A 
component 
distribution. 

Theoretical 
A  component 
distribution 
(areas). 

Assumed  B 
component 
distribution. 

Theoretical 
B  component 
distribution 
(areas). 

0  

297 
42 
26 
14 
10 
7 

296 
45 
23 
13 
11 
6 

0.2 
2 
7 
17 
32 
50 
71 
93 
113 
130 
143 
151 
154 
152 
145 
135 
122 
107 
91 
75 
01 
48 
30 
25 
18 
12 
8 
5 
3 
1 
1 

0.3 

1  

6 
9 
13 
32 
48 
65 
86 
110 
125 
157 
168 
164 
167 
144 
119 
109 
95 
81 
79 
00 
59 
36 
35 
20 
11 
0 
4 
1 
0 
0 
2 

2  

3  

4  

5  

(i  

7  

8  

9  

11  

12  

13  

14  

15  

l(i  

17  

18  

19  

20  

21  

22   

23  

24  

25  

26  i  

27  '  

28  1  

29  1  

an  _  _   ■    

31  

Totals  

396 

396 

2,011 

2.00S.5 
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The  analytical  constants  of  these  distributions  are  given  in  Table  17. 
Table  17. — Analytical  constants  of  variation  in  July  egg  production. 


N. 
in- 


lu... 

h... 
V/Ji  ■ 


Pearson's  Type . 


02  

TTI]  

7tt2  

Skewness  

d  

Standard  deviation  

Mean  

Mode  

Coefficient  of  variat  ion . 

Range  

+end  of  range  

—end  of  range  


A  component 
curve. 


B  component 
curve. 


390 

1 . 2489 

24. 857 o 

12.  3082 

X /Uo.  yoy8 

5.  4087 

0. 0897 

2.  3385 

.  2995 

7. 9293 

2.  7577 

+  4.9293 

-.2423 

-(i.  5474 

-.7537 

-1.0290 

-.0916 

I 

I 

7.  1849 

12. 9092 

-1.0429 

20. 398:! 

-0. 8570 

3.  7155 

0. 1901 

7.  5028 

-5.9014 

0. 2029 

-0.  5951 

1.0114 

1.470±.035 

4. 980± .  075 

0.533  ±.050 

13.053±.053 

a  7. 1279 

12.0413 

27t>.922±20.  830 

38. 197±.4li2 

5.  5420 

39. 3075 

5.  4851 

38.  4397 

-0. 0570 

-0. 9278 

aThe  "mode"  here  is,  of  course,  merely  an  algebraical  constant  of  the  curve. 

From  these  figures  we  note  that — 

1.  Both  component  curves  are  again  limited-range  Type  I  curves. 
The  A  component  curve  is  of  the  J-shaped  type.^  The  theoretical 
estimation  of  the  range  by  these  curves  is,  as  in  the  other  curves,  in 
good  accord  with  observed  fact.  The  lower  range  end  of  the  A  com- 
ponent falls  almost  exactly  at  0  production,  while  the  same  end  of  the 
B  component  is  at  —0.9,  an  insignificant  overestimation.  The  upper 
end  of  the  B  component  (and  hence  of  the  compound  curve)  is  at 
about  38  eggs.  This  is  higher  than  the  observed  range  end,  but  the 
theoretical  frequency  (area  of  the  curve)  beyond  the  latter  is  negli- 
gible in  amount. 

2.  In  the  July  distribution  approximately  16.5  per  cent  of  the  total 
frequency  falls  in  the  A  component  and  83.5  per  cent  in  the  B  com- 
ponent. This  indicates  the  decreasing  rate  of  fecundity  in  July  as 
compared  with  April. 

3.  The  mean  of  each  component  is  lower  than  the  mean  of  the  cor- 
responding component  of  the  April  curve.  The  mean  of  the  B  com- 
ponent (13.053)  is  very  nearly  the  same  as  the  mean  of  the  Novem- 
ber B  curve  (13.347).  In  other  words,  the  birds  which  are  fairly 
well  started  on  a  laying  cycle  lay  at  about  the  same  rate  in  November 
as  in  July. 

4.  The  relative  variability  of  the  A  component  becomes  again  very 
high,  practically  equaling  the  November  variability.  The  B  compo- 
nent shows  relatively  more  variability  than  in  either  of  the  other 
curves  examined. 


SEASONAL  DISTRIBUTION  OF  EGG  PRODUCTION. 


153 


5.  The  skewness  of  the  B  component  is  here  positive,  the  mode 
lying  below  the  mean. 

The  equations  of  the  curves  are — 

/  v      \ -0.8576/  r      \  0.1001 

A  component y  =  0.8234(l  +  ^       (l  + 

(x         \  3.7155/  x         \  7.5028 

(1  +  lT9692)      0 -2673983) 

The  fitted  curve  is  shown  graphically  in  figure  30. 

It  is  evident  from  the  diagram  that  the  graduation  is  a  good  one. 
Applying  Pearson's  test  of  the  goodness  of  fit,  we  have  the  results  set 
forth  in  Table  18. 

Table  18. — Comparison  of  observed  and  theoretical  July  egg-production  distributions. 


Eggs  laid  in  the  month. 


0  

1  

2  

3  

4  

5  

6  

7..  

8  

9  

10  

11  

12  

13  

14  

15  

16  

17  

18  

19  

20  

21  

22  

23! .  .  .  . 

24  

25  

26  

27  

28  

29  

30  

31  

Total 


Observed 

Theoretical 

total 

total 

distribution. 

distribution. 

mr 

297 

290 

0.003 

48 

47 

.021 

35 

30 

.833 

27 

32 

.781 

42 

43 

.023 

55 

57 

.070, 

65 

71 

.507 

86 

93 

.527 

116 

113 

.080 

125 

130 

.192 

157 

143 

1.371 

168 

151 

1.914 

164 

154 

.649 

167 

152 

1.480 

144 

145 

.007 

119 

135 

1.896 

109 

122 

1.385 

95 

107 

1.346 

81 

91 

1.099 

79 

75 

.213 

60 

61 

.016 

59 

48 

2.521 

36 

36 

.000 

35 

25 

4.000 

20 

18 

.222 

11 

12 

.083 

6 

8 

.500 

4 

5 

.200 

1 

3 

1.333 

0 

1 

1.000 

0 

1 

1.000 

2 

ol 

1.000 

2, 407 

2.  406 

26.  272 

a  Tolal  area  of  theoretical  curve  for  30  and  beyond. 

Elderton's  tables  extend  only  to  r/  =  3().  By  graphical  extrapola- 
tion from  these  tables  we  find  that  for  n  =  32  and  %2  =  26,  P  is  roughly 
0.72.  In  other  words,  it  appears  that  while  the  graduation  of  the 
July  data  is  not  quite  so  good  as  that  of  the  April,  it  still  can  only  be 
regarded  as  excellent.  If  egg  production  in  July  followed  exactly  the 
law  of  frequency  given  by  the  present  theoretical  curve,  we  should 
expect  to  get  a  better  agreement  between  observation  and  theory 
56681°— Bull.  110,  pt  2—11  (i 
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when  tested  by  random  samples  of  the  size  of  the  present  one  in 
only  one  sample  out  of  every  three  or  four  tried. 

It  appears,  taking  all  the  evidence  together,  that  there  is  a  very  high 
degree  of  probability  that  the  hypothesis  made  above  (p.  136  et  seq.) 
regarding  the  quantitative  relations  of  egg  production  is  true.  We 
have  found  a  very  close  accordance  between  observation  and  theory  in 
the  case  of  three  months  chosen  as  examples  to  represent  the  different 
types  of  distribution  which  appear  in  the  different  parts  of  the  laying 
year.  There  is  an  accumulative  probability,  arising  from  the  fact 
that  all  three  of  these  distributions  show  such  excellent  agreement 


300 

i 

"  " 

£70 

240 

2IO 
ISO 

^/so 

\ 

I 

\,20 

\ 

DO 

eo 

30 

i 

i 

\ 

j  v 

4 

I  t 

?  i 

?  n 

1  /6 

/ 

9 

SO         22        24-  2 

6         28  X 

JULY  £6&  PRODUCT/ON 

KiG.  30.— Histogram  and  fitted  curves  for  July  egg  production. 

between  observation  and  theory,  that  the  hypothesis  adopted  repre- 
sents in  essential  features  the  actual  facts.  So  great  is  this  proba- 
bility that  the  evidence  presented  may  be  said  practically  to  demon- 
strate the  validity  of  the  hypothesis  advanced,  so  far  at  least  as  the 
months  specially  discussed  are  concerned. 

CONFORMITY  OF  REMAINING  MONTHS  TO  GENERAL  TYPE. 

It  now  remains  to  consider  briefly  the  question  of  the  extent  to 
which  the  other  months  of  the  year  conform  to  the  general  type  of 
S-shaped  compound  distribution  of  egg  production  which  have  been 
analyzed  for  November,  April,  and  July.    The  facts  brought  out  in 
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the  preceding  section  leave  little  doubt  that  all  the  months  are  of 
essentially  this  same  type.  The  only  months  regarding  which  there 
can  be  any  doubt  on  this  point  are  December  and  January,  and  here 
the  doubt  is  not  as  to  whether  these  curves  are  compound  and 
S-shaped,  but  merely  as  to  whether  it  may  not  be  necessary  in  grad- 
uating them  to  make  a  subsidiary  hypothesis  in  addition  to  that 
which  suffices  for  the  treatment  of  the  other  months.  In  the  observed 
distributions  for  these  months  there  is  an  unduly  high  frequency  on 
the  classes  lying  in  the  boundary  region  where  the  two  components 
overlap.  An  analytical  study  of  the  January  distribution  shows 
that  the  unsmoothed  figures  are  not  so  readily  to  be  graduated  satis- 
factorily as  the  sum  of  two  curves  as  the  other  months  have  proved 
to  be.  However,  this  result  by  no  means  proves  that  another  law 
of  frequency  obtains  for  December  and  January.  This  will  be  evi- 
dent if  the  following  facts  are  taken  into  consideration.  December 
and  January  are  both  months  showing  the  extreme  type  of  distribu- 
tion with  a  very  high  frequency  on  zero,  and  consequently,  with 
samples  of  the  present  size,  have  an  entirely  inadequate  remaining 
frequency  to  give  a  smooth  distribution  over  the  other  classes.  In 
other  words,  we  have  the  same  difficulty  as  has  been  noted  for  the 
November  distribution,  though  here  possibly  more  pronounced. 
Any  existing  difficulty  in  regard  to  the  graduation  of  the  polygons 
of  these  months  may  arise  simply  because  the  existing  sample  is  a 
particularly  bad  one  from  which  to  determine  the  true  nature  of  the 
distribution.  The  conclusion  to  which  the  facts  point  is  that  the 
December  and  January  distributions  are  in  their  general  features 
like  those  for  the  other  months  of  the  year,  which,  as  we  have  seen, 
represent  the  sum  of  two  skew  frequency  curves.  With  our  present 
data,  however,  we  are  not  able  to  determine  whether  or  not.  some 
minor  additional  subsidiary  hypothesis  may  be  necessary  to  grad- 
uate satisfactorily  the  distributions  for  these  two  months.  This  is 
a  question  of  detail  which  must  wait  for  further  data.  It  does  not 
influence  the  general  result  of  this  investigation. 

A  special  summary  of  the  points  brought  out  in  this  section  of  the 
paper  is  not  given  here,  but  in  order  to  save  space,  is  presented  in  the 
general  summary  of  the  whole  paper  which  immediately  follows: 

SUMMARY  OF  RESULTS  AND  CONCLUSIONS. 

This  paper  constitutes  Part  II  of  a  general  study  of  egg  production 
in  the  domestic  fowl.  It  deals  with  the  seasonal  distribution  of  egg 
production.  The  distribution  of  egg  production  in  each  month  of  the 
pullet-laying  year  is  particularly  studied.  The  data  on  which  this 
study  is  based  are  the  trap-nest  records  of  Barred  Plymouth  Rocks 
collected  at  the  Maine  Experiment  Station,  involving  detailed  monthly 
egg  records  of  more  than  2,400  birds,  collected  in  a  period  of  nine 
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consecutive  years.  The  chief  results  of  this  analysis  are  summarily 
stated  in  the  following  paragraphs: 

1.  The  mean  or  average  monthly  egg  production  exhibits  the  fol- 
lowing characteristic  changes  in  the  course  of  the  laying  year: 

(a)  The  lowest  mean  production  of  the  year  is  in  the  month  of 
November. 

(b)  The  mean  monthly  production  increases  in  December  and 
January  at  a  relatively  very  rapid  rate. 

(c)  There  is  a  slacking  up  in  the  rate  of  increase  in  February, 
which  probably  represents  the  point  of  the  ending  of  the  first,  or 
winter,  cycle  of  egg  production.  This  February  slacking  up  amounts 
in  many  cases  to  an  actual  decrease  in  productiveness  as  compared 
with  the  point  attained  in  January. 

(d)  The  mean  production  reaches  a  maximum  in  March. 

(e)  While  the  mean  production  for  April  is  practically  the  same  as 
that  for  March,  there,  is  a  steady  decline  after  April  on  to  the  end  of 
the  laying  year  in  October. 

(/)  There  is  a  tendency  toward  a  slightly  larger  drop  in  mean  pro- 
duction in  May.    This  is  the  period  of  natural  broodiness. 

2.  The  present  data  indicate  that  only  a  trifle  more  than  a  quarter 
of  the  total  eggs  produced  are  laid  in  the  winter  third  of  the  year 
(November  1  to  March  1).  In  the  first  two-thirds  of  the  laying  year 
approximately  three-fourths  of  the  total  eggs  are  produced. 

3.  The  month  of  maximum  productivity  varied  in  the  experiments 
furnishing  the  present  data  witli  the  method  of  housing.  In  a  closed, 
warmed  house  the  month  of  maximum  production  was  April;  in  a 
curtain-front  house  it  was  March. 

4.  The  greatest  relative  variability  in  egg  production  is  at  the 
beginning  of  the  laying  year  (month  of  November).  The  month  of 
lowest  variability,  both  absolute  and  relative,  is  April. 

5.  The  laying  year  may  be  divided  into  four  natural  periods  or 
cycles  with  reference  to  egg  production.  The  first  of  these  periods 
(roughly  November  1  to  March  1)  is  the  winter  period,  wherein  egg 
production  is  essentially  a  nonnatural  (i.  e.,  forced  or  stimulated) 
process.  The  second  or  spring  period  (roughly  March  1  to  June  1) 
is  the  natural  laying  period  of  the  domestic  fowl  in  its  normal  repro- 
ductive cycle.  The  third  (roughly  June  f  to  September  1)  and 
fourth  (roughly  September  1  to  October  31)  periods  are  not  sharply 
separated  from  one  another.  The  summer  egg  production  repre- 
sents in  part  a  natural  continuance  of  the  normal  breeding  season 
(rearing  of  a  second  brood  by  the  wildGallus)  and  in  part  a  stimulated 
process.  This  period  is  terminated  by  the  molt,  which  is  the  char- 
acteristic feature  of  the  fourth  period. 

6.  There  is  no  evidence  that  the  continued  selection  for  higher  egg 
production  practiced  during  the  eight  years  covered  by  the  experi- 
ment produced  any  increase  whatever  in  the  mean  egg  production 
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of  any  month  in  the  year.  On  the  contrary,  the  mean  production  in 
all  but  two  of  the  months  actually  decreased  during  the  period  of 
selection. 

7.  So  far  as  there  was  any  change  whatever  in  variability  in 
monthly  egg  production  during  the  period  when  selective  breeding 
was  practiced,  this  change  was  not  in  the  direction  of  a  reduction  as 
a  result  of  the  selection;  but,  on  the  contrary,  there  was  an  actual 
increase  in  variability  in  all  but  one  month  of  the  year,  and  here 
the  platted  variability  line  did  not  sensibly  deviate  from  the  hori- 
zontal. 

8.  The  present  statistics  show  no  bad  effect  on  egg  production  in 
the  winter  months  (November  to  March)  of  keeping  birds  in  large 
and  crowded  flocks  (up  to  the  limits  included  in  the  present  study). 
On  the  other  hand,  overcrowding  tends  distinctly  to  lower  summer 
(and  to  a  smaller  extent  spring)  egg  production.  It  is  chiefly  as  a 
result  of  this  effect  on  summer  production  that  the  mean  annual 
production  is  lower  in  the  large  flocks,  as  shown  in  Part  I  of  this  work 
(Bureau  of  Animal  Industry  Bulletin  110,  Part  I,  pp.  58-61). 

9.  The  excess  in  relative  variability  of  egg  production  of  the  larger 
flocks  (100  and  150  birds)  over  the  smaller  (50  and  100  birds)  observed 
in  the  annual  records  (see  Part  I)  is  found  upon  analysis  to  be  on  the 
whole  fairly  evenly  distributed  over  the  whole  year.  In  the  period 
of  the  year  in  which  there  is  the  heaviest  production,  such  environ- 
mental differences  as  are  implied  in  the  different  flock  sizes  in  the 
experiment  do  not  appreciably  affect  the  relative  variability  of 
production. 

10.  The  polygons  of  variation  in  monthly  egg  production  are  all 
bimodal,  though  homogeneous.  The  position  of  the  mode  changes 
in  a  regular  manner  during  the  course  of  the  laying  year,  as  does 
also  the  skewness  of  this  portion  of  the  distributions.  These  monthly 
distributions  may  be  described  as  S-shaped,  and  are  in  general  of  the 
same  type  in  the  different  months,  though  different  in  detail. 

11.  By  a  process  of  mathematical  reasoning  set  forth  in  detail  in 
the  text  it  is  shown  that  the  observed  facts  regarding  the  character 
of  the  distributions  of  variation  in  monthly  egg  production  are 
adequately  accounted  for  by  an  hypothesis  which  includes  the  fol- 
lowing points.  These  statements  are  therefore  set  down  as  con- 
clusions of  this  study: 

(a)  That  variation  or  changes  in  the  rate  of  fecundity  in  the  hen 
are  fundamentally  or  innately  continuous  (in  the  mathematical 
sense),  though  the  objective  manifestation  of  fecundity  is  discon- 
tinuous, i.  e.,  expressed  in  discrete  units. 

(b)  That  visible  egg  production  in  each  individual  bird  tends  to 
occur  in  definite  cycles  or  periods  of  varying  length  which  alternate 
with  nonproductive  periods. 
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(c)  That  the  rate  of  fecundity  (amount  of  egg  production  per  unit 
of  time,  conceived  in  the  sense  of  the  differential  calculus)  is  in  any 
bird  at  a  minimum  at  the  beginning  of  a  cycle  of  production,  increases 
to  a  maximum  at  what  may  be  termed  the  height  of  the  cycle,  and 
decreases  to  a  minimum  (usually  quite  rapidly)  as  the  end  of  the 
cycle  is  approached. 

\d)  That  each  of  the  monthly  fecundity  distributions  is  com- 
pound, and  made  up  of  two  parts.  In  one  part  are  included  all  birds 
which  are  well  along  in  a  period  of  laying  activity  (or  cycle  of  fecun- 
dity). The  other  part  includes  those  birds  not  laying  at  all  (that 
is,  in  a  nonproductive  condition  or  period)  and  those  that  have  just 
emerged  from  this  condition  of  zero  fecundity  and  started  on  a 
laying  cycle. 

(e)  That  (1)  the  proportion  of  the  whole  flock  which  falls  into 
each  of  these  two  classes,  and  (2)  the  particular  rate  of  fecundity 
which  marks  the  boundary  between  the  two  classes,  are  not  constant, 
but,  on  the  contrary,  change  in  a  definite  and  orderly  manner  in  the 
different  parts  of  the  laying  year. 

(/)  That  the  distribution  of  frequency  within  each  of  the  two 
hypothetical  components  of  the  monthly  fecundity  distributions 
follows  a  simple1,  unimodal  skew  frequency  curve,  and  that  the  curve 
describing  the  entire  monthly  fecundity  distribution  is  in  each  case 
the  sum  of  two  skew  frequency  curves. 


APPENDIX  II. 


In  the  following  12  tables  are  given  the  raw  data  on  which  the  present  paper  is  based: 

Table  I. — Frequency  distribution  of  egg  production  for  the  month  of  November . 


Laying  year. 
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a  The  figures  in  the  box  head  indicate  Ihe  number  of  eggs  laid  respectively  by  the  number  of  hens  shown  below  in  each  column;  e.  g.,  in  November,  1899,  there  were  39 liens 
that  laid  no  eggs,  1  hen  that  laid  1  egg,  3  hens  that  laid  2  eggs,  etc. 


Table  II. — Frequency  distribution  of  egg  production  for  the  month  of  December. 


Number  of  hens  laying  number  of  eggs  designated  in  box  bead. 
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Table  III. — Frequency  distribution  of  egg  production  for  the  month  of  January. 


Laying  year. 


Number  of  hens  laying  number  of  eggs  designated  in  box  head. 
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1900-  1901  
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Table  IV. — Frequency  distribution  of  egg  production  for  the  month  of  February. 


Laying  year. 

Number  of  hens  laying  number  of  eggs  designated  in  box  head. 

Total 
hens. 
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Table  V. — Frequency  distribution  of  egg  production  for  the  month  of  March. 


Laying  year. 


1899-  1900 

1900-  1901 

1901-  2. . . 
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1906-  7: 
50-bird  pens. 
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150-bird  pens 
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Table  VI. — Frequency  distribution  of  egg  production  for  the  month  of  April. 


Laying  year. 


Number  of  hens  laying  number  of  eggs  designated  in  box  head. 
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Table  VII.— Frequency  distribution  of  egg  production  for  the  month  of  May. 


Number  of  hens  laying  number  of  eggs  designated  in  box  head. 
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Table  VIII.—. 


■Frequency  distribution  of  egg  production  for  the  month  of  June. 


Number  of  hens  laying  number  of  eggs  designated  in  box  head. 
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Table  IX. — Frequency  distribution  of  egg  production  for  the  month  of  July. 


Number  of  hens  laying  number  of  eggs  designated  in  box  head. 
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Table  X. — Frequency  distribution  of  egg  production  for  the  month  of  August. 
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20 
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25 

26 

27 

28 

29 

30 

31 

1899-1900 
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_ 
1 

1 

1 
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3 

3 

4 

2 

7 

6 
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2 

2 

4 

6 

0 

1 

3 
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0 
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0 
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5 

0 

8 

7 
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0 
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0 

0 

0 

0 

147 
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41 

0 

3 

4 

2 

7 

4 
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15 

9 

24 

16 

29 

15 

14 
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8 

9 

5 

3 

3 
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2 

1 

2 
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0 

0 

0 

0 

0 
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50-bird  pens  

100-bird  pens   

40 

10 

2 

1 

o 
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18 

18 

15 

17 

17 

17 

15 

17 

10 

14 

9 

2 
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2 

0 

3 

o 

o 

o 

o 

o 
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15 

4 

1 

2 

0 

1 

1 

1 

4 

2 

6 
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8 

3 
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3 

2 

4 

1 

4 

1 

1 

2 

0 

0 

0 
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0 

0 

0 

92 

150-bird  pens  

41 
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1 

1 

4 

6 

6 

5 

7 

8 

8 

11 

10 

5 

5 
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3 
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1 

1 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

140 
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3 

4 
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11 

12 

13 

13 

20 

12 

6 

5 

6 
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o 
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2 

1 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

178 

29 

18 

5 

8 

11 

16 

10 

4 

13 

13 
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7 

8 

3 

5 

5 

3 

0 

2 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

182 

150-bird  pens  

1906-7: 

59 

OO 

15 

10 

11 

19 

18 

11 

12 

16 

8 

9 

12 

11 

11 
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3 

5 

4 

4 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

275 
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9 
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13 

13 

15 

16 

17 

19 

_ 
i 

4 
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3 

2 

4 
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0 
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0 
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0 
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3 
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4 
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10 

20 
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12 
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13 

11 

5 

8 

4 

3 

4 

1 

1 

0 

0 

1 

0 

0 

0 

185 
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34 

10 

11 

8 

12 

5 

lg 

8 

8 

17 

20 

27 

19 

16 

19 

8 

8 

7 

5 

7 

5 

4 

1 

4 

2 

0 

0 

0 

0 

0 

0 

0 

281 

Total  birds  

345 
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53 

55 

53 

08 

77 

82 
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151 

169 

151 

142 

130 
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75 

07 

53 
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21 

35 
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Table  XI. — Frequency  distribution  of  egg  production  for  the  month  of  September . 
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Table  XTI. — Frequency  distribution  of  egg  .production  for  the.  month  of  October. 
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A  BIOMETRICAL  STUDY  OF  EGG  PRODUCTION  IN  THE 
DOMESTIC  FOWL. 


III.   VARIATION   AND    CORRELATION   IN  THE  PHYSICAL 
CHARACTERS  OF  THE  EGG.1 


INTRODUCTION. 

In  the  previous  parts  2  of  this  bulletin  attention  has  been  directed 
primarily  toward  the  statistical  or  mass  phenomena  of  egg  produc- 
tion. To  reach  anything  approaching  an  adequate  understanding  of 
those  phenomena  it  is  essential  that  the  production  of  an  egg  be  ana- 
lyzed as  a  physiological  process  pertaining  to  the  individual.  Such 
physiological  studies  3  have  been  carried  on  concurrently  with  this 
"Biometrical  Study." 

The  formation  and  deposition  of  a  bird's  egg  involve  a  large  series 
of  complex  processes.  In  order  to  get  a  better  understanding  of  the 
exact  bearing  of  this  paper  on  the  general  problem  it  may  be  useful  to 
enumerate  a  few  of  the  more  evident  of  these  processes  as  follows :  (1 ) 
The  development  of  the  ovary  into  the  laying  condition  and  its  effect 
upon  the  somatic  characters  of  the  bird.  (2)  The  accompanying 
increase  in  size  and  functional  activity  of  the  oviduct.  (3)  The 
growth  of  the  oocyte  and  the  elaboration  of  the  yolk.  (4)  The  rup- 
ture of  the  ovarian  follicle  (ovulation).  (5)  The  inclusion  of  the  yolk 
by  the  funnel  of  the  oviduct.  (6)  The  movement  of  the  yolk  down 
the  oviduct.  (7)  The  secretion  of  the  albumen.  (8)  The  formation 
of  the  shell  membranes.  (9)  The  secretion  of  the  calcareous  shell. 
(10)  The  determination  of  the  characteristic  shape  and  color  of  the 
shell.  (11)  The  several  processes  involved  in  the  extrusion  of  the 
egg- 


1  Papersfrora  the  Biological  Laboratory  of  the  Maine  Agricultural  Experiment  Station,  Xo.  45. 

«  A  Biometrical  Study  of  Egg  Production  in  the  Domestic  Fowl.  I.  Variation  in  Annual  Egg  Produc- 
tion. U.  S.  Department  of  Agriculture,  Bureau  of  Animal  Industry,  Bulletin  110,  pp.  1-R0,  1909.  J  I. 
Seasonal  Distribution  of  Egg  Production.  Ibid. ,  pp.  81-170, 1911. 

3  The  results  of  these  studies  to  date  have  been  published  in  the  following  series  of  papers  under  t  he  gen- 
eral title  "Studies  on  the  Physiology  of  Reproduction  in  the  Domestic  Fowl:  " 

I.  Regulation  in  the  morphogenetic  activity  of  the  oviduct.   Jour.  Exp.  Zool.,  vol.  6,  pp.  339-359, 1909. 

If.  Data  on  the  inheritance  of  fecundity  obtained  from  the  records  of  egg  production  of  the  daughters  nf 
"200-egg"  hens.    Maine  Agricultural  Experiment  Station,  Annual  Report  for  1909,  pp.  49-84. 

III.  A  case  of  incomplete  hermaphroditism.   Biological  Bulletin,  vol.  17,  pp.  271-286, 1909. 

IV.  Data  on  certain  factors  influencing  the  fertility  and  hatching  of  eggs.  Maine  Agricultural  Experi- 
ment  Station,  Annual  Report  for  1909,  pp.  105-164. 

V.  Data  regarding  the  physiology  of  the  oviduct.   Jour.  Exp.  Zool.,  vol.  12,  pp.  99-132,  1912. 
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Very  little  definite  information  regarding  these  various)  processes 
is  to  be  found  in  the  existing  literature.  The  problem  is  a  com- 
plex one  and  needs  to  be  attacked  from  various  standpoints.  The 
essential  facts  regarding  the  physical  characters  of  the  normal  hen's 
egg  and  the  variation  and  correlation  of  these  characters  are  funda- 
mental data  necessary  for  the  most  successful  prosecution  of  experi- 
mental work  on  the  problems  of  egg  production.  To  supply  these 
data  is  the  purpose  of  the  present  paper. 

We  shall  in  this  part  of  the  study  deal  with  the  "product"  phase 
of  egg  production.  Quality  and  character  of  product  are  as  essential 
as  quantity  in  egg  production,  when  the  matter  is  looked  at  from  the 
economic  standpoint.  In  recent  years  increasing  attention  has  been 
paid  to  the  study  of  factors  influencing  the  character  and  quality  of 
eggs.  Foremost  in  economic  importance  are  the  investigations 
dealing  with  the  effect  of  the  environmental  vicissitudes  to  which  the 
egg  is  subjected  in  the  process  of  getting  from  the  hen  to  the  breakfast 
egg  cup.  Here  may  be  mentioned  the  recent  studies  of  Lamon  and 
Opperman.1  The  bacteriology  and  chemistry  of  the  egg  are  also  re- 
ceiving attention.  In  such  studies  as  those  of  Pennington 2  and 
Willard  and  Shaw  3  the  factors  dealt  with  as  influencing  the  quality 
and  character  of  eggs  are  innate,  in  that  they  are  determined  by  the 
hen  in  greater  or  less  degree.  Finally,  however,  beyond  all  these  are 
the  essentially  innate  biological  factors  which  influence  the  character 
of  eggs.  The  size,  shape,  and  color  of  the  egg  are  not  determined  by 
the  way  in  which  it  is  handled  in  getting  to  market.  They  are  basic 
biological  characters,  which  are  presumably  inherited.  Also  such 
qualities  as  texture  of  shell,  thickness  of  shell,  color  of  yolk  and  albu- 
men, etc.,  are  characteristics  which  depend  for  their  precise  determi- 
nation on  the  physiological  economy  of  the  hen.  But  these  qualities 
are  not  without,  economic  significance.  There  are  definite,  if  not  as 
yet  altogether  precisely  defined,  market  standards  with  regard  to  each 
of  these  characteristics  which  have  been  enumerated .  The  producer 
wants  to  put  on  the  market  an  egg  which  will  meet  these  standards. 
It  is  important  that  there  be  as  clear  an  understanding  and  complete 
a  knowledge  as  can  be  obtained  of  the  underlying  biological  factors 
involved.  The  present  study  is  intended  as  a  contribution  in  this 
direction. 

This  Part  III  deals  with  the  shape  and  size  of  eggs  laid  by  "pure- 
bred" domestic  fowls.  There  is  good  reason  to  believe  that  the  final 
shape  of  an  egg  is  determined  in  the  lower  portion  of  the  oviduct 
known  as  the  uterus  or  shell  gland.    The  evidence  for  this  conclusion 

1  Lamon,  H.  M.,  and  Opperman,  C.  L.  The  improvement  of  the  farm  egg.  V.  S.  Dept.  Agr.,  Bur. 
Anim.  Ind. ,  Bulletin  141,  pp.  1-43, 1911. 

a  Pennington,  M.  E.  A  chemical  and  bacteriological  study  of  fresh  eggs.  Jour.  Biol.  Chem.,  vol.  7,  pp. 
109-132,  1909. 

s  Willard,  J.  T.,  and  Shaw,  R.  H.  Analysis  of  eggs.  Kansas  Agr.  Expt.  Sta.,  Bulletin  159,  pp.  143-177, 
1909. 
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has  been  stated  in  a  previous  paper 1  by  one  of  the  writers  and  need 
not  be  repeated  in  detail  here.  It  was  there  pointed  out  that  there 
are  two  possibilities  with  regard  to  the  mechanism  by  which  the  shape 
is  determined.  These  are  (a)  the  active  contractions  of  the  muscular 
walls  of  the  uterus  and  (b)  the  passive  elasticity  of  these  walls,  causing 
them  to  act  as  a  mold  for  the  plastic  egg  mass.  From  a  careful 
study  of  the  successive  eggs  of  an  individual  hen  it  was  concluded 
that  the  finer  and  individual  form  characteristics  of  eggs  were  deter- 
mined by  muscular  contractions  before  and  during  the  deposition  of 
the  calcareous  shell.  It  is  only  in  this  way  that  one  can  account  for 
the  changes  undergone  by  successive  eggs  of  the  same  individual. 
Hence  the  shape  of  an  egg  measures  in  an  indirect  way  the  physio- 
logical activity  of  the  muscles  in  one  portion  of  the  oviduct. 

The  volume  and  weight — i.  e.,  the  size — of  an  egg  are  determined 
both  by  the  size  of  the  yolk  elaborated  before  it  leaves  the  ovary  and 
by  the  amount  of  albumen  secreted  by  the  oviduct.  In  studying  the 
variation  in  the  size  and  volume  of  eggs  we  are  indirectly  studying 
the  variation  of  certain  physiological  processes.  These  processes, 
connected  with  the  formation  of  the  yolk  and  albumen,  are  among  the 
most  important  factors  in  egg  production.  Whatever  light  may  be 
thrown  upon  them  can  not  but  aid  in  an  ultimate  understanding  of 
the  physiology  of  egg  formation. 

The  ordinary  concept  of  an  egg  is  of  a  structure  of  fairly  definite 
shape  and  size.  This  is  reflected  in  such  common  expressions  as 
"egg-shaped"  and  "the  size  of  an  egg."  Nevertheless  every  poul- 
tryman  knows  that  the  size  of  eggs  varies  greatly — most  markedly 
between  different  breeds  of  poultry.  But  within  the  same  breed  the 
variation  is  often  scarcely  less  striking.  The  limits  of  this  varia- 
bility may  extend,  on  the  one  hand,  to  the  very  small  eggs  occa- 
sionally found  with  a  small  amount  of  albumen  and  no  yolk,  or  a  very 
small  amount  without  definite  yolk  membrane.  On  the  other  hand, 
a  hen  may  occasionally  lay  an  enormous  double  or  triple  yolked  egg. 
It  is  not  the  purpose  of  this  paper  to  deal  with  either  these  abnor- 
mally small  or  abnormally  large  eggs. 

There  is,  however,  a  variation  in  the  physical  characters  of  what 
may  be  called  normal  eggs,  as  distinguished  from  such  abnormal  speci- 
mens as  have  just  been  mentioned.  A"normal"  egg  may  be  regarded 
as  one  in  which  a  single  yolk  surrounded  by  a  yolk  membrane  is 
inclosed  within  the  usual  layers  of  albumen,  shell  membrane,  and 
calcareous  shell.  It  is  with  such  normal  eggs  that  the  present  inves- 
tigation is  concerned. 

Among  the  general  topics  dealt  with  in  this  part  of  the  study  the 
following  are  the  more  important.  The  specific  problems  which  arise 
in  connection  with  these  topics  will,  in  order  to  avoid  repetition,  only 

i  Pearl,  R.  Regulation  in  the  morphogenetie  activity  of  the  oviduct.  Jour.  Exp.  Zool.,  vol.  6,  pp.  339- 
359, 1909. 
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be  stated  and  discussed  in  the  sections  of  the  paper  wherein  the  data 
bearing  upon  them  are  presented. 

1.  The  mean  size  and  variability  of  the  various  physical  characters 
of  eggs  from  different,  individuals. 

2.  The  nature  of  the  frequency  distributions  to  which  measure- 
ments of  these  characters  lead. 

The  correlation  between  the  several  physical  characters  of  the 

4.  The  regression  of  the  several  characters  upon  one  another,  and 
the  characteristic,  equations  deduced  from  the  regression  constants, 
together  with  the  use  of  such  characteristic  equations  in  predicting 
the  probable  condition  of  one  character  of  the  egg  from  a  knowledge 
of  the  actual  condition  of  other  characters. 

5.  Comparison  of  the  eggs  of  the  domestic  fowl  with  those  of  wild 
species  of  birds. 

6.  The  degree  of  variation  (or  uniformity)  exhibited  in  the  eggs 
laid  by  an  individual  bird,  and  the  relation  of  the  variation  in  the 
product  of  an  individual  to  variation  in  the  eggs  of  the  race  (flock  or 
strain). 

MATERIAL  AND  METHODS. 

The  material  upon  which  this  paper  is  based  consists  of  se  veral  series 
of  egg  measurements.  These  were  obtained  from  eggs  laid  at  the 
poultry  plant  of  the  Maim;  Agricultural  Experiment  Station  during 
the  years  1908  and  1909.  Except  when  a  specific  statement  to  the 
contrary  is  made,  all  discussions  in  this  paper  refer  to  t lit;  data  from 
the  eggs  of  Barred  Plymouth  Rock  pullets.  The  strain  of  Barred 
Plymouth  Hocks  from  which  these  eggs  came  has  been  bred  at  the 
Maine  Station  since  1898. 1  Previous  to  that  time  they  had  been  bred 
for  a  number  of  years  by  the  late  Prof.  G.  M.  Gowell.  They  are  pure- 
bred birds  in  the  fancier's  sense.  The  birds  have  been  fed  and  cared 
for  under  conditions  as  nearly  uniform  as  could  be  obtained.  Hence 
the  material  with  which  we  have  to  do  is  as  nearly  homogeneous  as  it 
is  practically  possible  to  obtain.  This  paper  is  based  upon  the  meas- 
urement of  about  5,500  eggs.  It  is  believed  that  there  are  sufficient 
data  in  the  various  series  to  establish  with  considerable  accuracy  the 
constants  derived  from  them  for  normal  eggs  of  Barred  Plymouth 
Rock  pullets. 

In  each  of  the  series  of  data  here  considered  the  length  and  maxi- 
mum breadth  of  each  egg  were  measured.  Prom  these  two  measure- 
ments there  were  calculated  in  most  cases  (o)  the  length-breadth 
index  and  (b)  the  bulk  or  volume  of  the  egg.  In  addition  to  these 
data  the  weight  of  the  fresh  egg  was  obtained  in  series  A. 

The  length  and  breadth  of  the  eggs  were  measured  with  the  aid 
of  a  large  micrometer  caliper  provided  with  a  ratchet  head.  This 

1  Fur  u  discussion  of  I  he  breeding  of  this  flock  see  i'urt  J  of  litis  »l  inly. 
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caliper  was  held  in  a  wooden  frame  so  to  avoid  the  expansion  and 
contraction  due  to  the  varying  conditions  of  temperature,  winch  would 
be  induced  by  handling.  The  ratchet  head  insures  that  the.  same 
pressure  is  exerted  on  each  egg  by  the.  caliper  jaws  when  the  reading 
is  taken.  The.  measurements  were  recorded  to  hundredths  of  a 
millimeter.  In  cases  where  an  egg  was  not  perfectly  symmetrical 
the.  largest  diameter  was  taken.  It  not  infrequently  happened  in  the 
measurement  of  the  breadth  that  one  diameter  was  found  to  be 
larger  than  the  others.  In  such  cast's  the  egg  was  turned  until 
this  diameter  was  found  and  its  magnitude,  recorded. 

The,  length-breadth  index  was  obtained  by  dividing  one  hundred 
times  the  breadth  by  the  length.  This  constant  gives  a  measure, 
of  the  shape,  of  the  egg.  A  long  and  narrow  egg  will  have  a  relatively 
low  index,  while  a  short  and  broad  egg  will  have,  a  high  index.  Its 
value,  is  independent  of  the  absolute  size,  of  the  egg  except  in  so  far 
as  the  length  is  correlated  with  the.  breadth.  This  correlation  is 
very  small. 

In  determining  the  volume  or  bulk,  as  it  will  be  called  here,  the 
egg  was  regarded  as  a  perfect  prolate  spheroid,  and  the  formula  for 
obtaining  the  volume  of  such  a  body  was  employed.    This  formula  is: 

where  1"  denotes  volume,  and  a  and  b  are.  the  semi-axes,  (/  being  the 
shorter.    As  actually  used  on  eggs  this  formula  becomes: 

i;,/j7-4.1N8N  (J  breadth)2 X  (J  length). 

The  bulk  gives  us  a  measure  which  should  bear  a  definite  relation 
to  the  weight  if  the  specific  gravity  of  an  egg  is  constant.  In  calculat- 
ing both  the  index  and  bulk,  the  length  and  breadth  measurements 
were,  used  to  the  second  decimal  place.  All  of  the  weights  used 
in  this  paper  wore  obtained  on  balances  sensitive  to  tenths  of  a 
milligram  and  the  weights  recorded  to  the  nearest  milligram. 

In  series  A  a  determination  of  the  color  of  each  egg  was  made. 
As  is  well  known.  Barred  Plymouth  Hocks  lay  tinted  eggs.  The 
colors  are,  however,  so  delicate  that  their  measurement  offers  special 
difficulties.  After  studying  the  matter  carefully  the  following 
procedure  was  decided  upon:  To  form  a  series  of  egg  shells  which 
should  represent  as  nearly  as  possible  equidistant  steps  in  a  graded 
series  loading  from  the  lightest  egg  anywhere,  to  be  found,  on  one 
end,  to  the  darkest  eggs  which  occur,  on  the  other;  then,  having 
obtained  such  a  "normal"  series,  to  compare  with  the,  series  each 
egg  whose  color  it  was  desired  to  record,  and  note  (by  number) 
the  "normal"  egg  with  which  it  agreed  in  color,  or  the  two  members 
of  the  series  between  which  it  fell  in  case  it  exactly  agreed  with  no 
single  one.    In  attempting  to  follow  this  procedure  in  practice 
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the  first  difficulty  encountered  was  that  more  than  one  color  series 
was  found  to  exist  in  Barred  Plymouth  Rock  eggs.  Tinted  hens' 
eggs  are  usually  called  "brown"  eggs.  As  a  matter  of  fact  many  of 
them  are  not  brown  at  all  but  a  delicate  shade  of  pink.  After 
handling  hundreds  of  eggs  with  this  point  in  mind  we  found  it 
necessary  to  form  three  normal  color  scales  instead  of  one  as  originally 
contemplated.  These  three  series  were  designated  in  our  records 
respectively  as  the  "brown,"  "brown-pink,"  and  "pink"  series  of 
comparison  egg  shells.  The  brown  series  included  all  eggs  which 
showed  no  trace  whatever  of  a  reddish  or  pink  pigment.  The  pink 
series  included  only  eggs  which  showed  no  trace  of  a  brown  color. 
Finally  the  "brown-pink"  included  eggs  intermediate  in  color, 
showing  evidence  of  both  the  brown  and  the  red  pigments.  From 
10  to  14  eggs  were  included  in  each  of  these  three  normal  series  and 
numbered  from  1  (the  lightest  egg  in  the  series)  up  to  whatever  the 
number  of  the  final  (darkest)  egg  in  the  series  might  be.  Each  indi- 
vidual egg  in  series  A  was  then  compared  (always  by  the  same  person, 
R.  P.)  with  these  series,  and  recorded.  Discussion  of  these  color 
measurements  is  deferred  for  the  present,  pending  the  collection  of 
further  and  more  adequate  data. 

The  following  is  a  description  of  the  scries  of  measurements  which 
furnish  the  chief  data  for  this  paper: 

Series  A. — This  consists  of  the  determination  of  the  length, 
breadth,  and  weight,  the  calculated  index  and  bulk,  and  the  color 
of  450  eggs.  These  eggs  were  all  laid  on  the  same  day  (Feb.  12,  1908), 
and  consequently  no  two  eggs  were  laid  by  the  same  hen.  Each  egg 
measured  is  from  a  different  hen.  They  give  the  fundamental  data 
on  inter-individual  or  racial  variation  in  Barred  Plymouth  Rock 
eggs.  All  the  eggs  were  from  pullets  of  approximately  the  same  age, 
having  been  hatched  in  April  and  May,  1907.  The  detailed  measure- 
ments for  this  series  are  given  in  Appendix  III,  Table  I. 

Series  B. — This  series  contains  the  data  for  intra-individual 
variations  in  eggs.  It  consists  of  the  measurements  of  the  length 
and  breadth  of  25  eggs  from  each  of  100  birds.  The  measurements 
were  made  during  April  and  May,  1908.  These  eggs  were  likewise 
all  obtained  from  pullets  approximately  1  year  old.  The  eggs  were 
taken  from  those  pullets  which  were  in  the  breeding  pens  and  the 
eggs  measured  before  being  put  into  the  incubators.  No  selection 
with  regard  to  egg  characters  of  the  pullets  in  the  breeding  pens  was 
practiced  in  choosing  the  birds  whose  eggs  were  to  be  measured  in 
this  series.  There  is  no  reason  to  doubt  that  these  100  hens  represent 
a  random  sample  of  the  flock  in  respect  to  egg  characters. 

The  statistical  data  obtained  in  the  manner  described  were  sub- 
jected to  biometrical  analysis.  For  a  description  of  the  technical 
methods  used  in  this  field  of  work  the  reader  is  referred  to  the  original 
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papers  by  Pearson  and  his  associates  in  the  Philosophical  Transac- 
tions of  the  Royal  Society  and  in  Biometrika.1  A  useful  condensed 
account  of  many  of  the  methods  is  given  by  Elderton.2 

Great  care  has  been  exercised  in  performing  the  various  calcula- 
tions. As  many  as  possible  of  the  fundamental  constants  have  been 
worked  twice  independently.  It  is  hoped  that  the  paper  is  as  free  of 
arithmetical  errors  as  is  possible  in  so  extensive  a  piece  of  work. 

VARIATION  OF  THE  BARBED  PLYMOUTH  BOCK  EGG  IN  SIZE  AND 

SHAPE. 

The  fundamental  data  for  this  section  of  the  paper  arc  contained 
in  series  A.  It  will  be  recalled  that  this  series  consists  of  the  meas- 
urement of  450  eggs  from  as  many  different  pullets.  During  the 
year  in  which  these  measurements  were  made  there  were  850  pullets 
in  the  houses.  Every  egg  laid  on  February  12,  1908,  with  the  excep- 
tion of  a  few  cracked  ones,  was  used  in  this  series.  Consequently 
these  450  eggs  constitute  a  random  sample  of  the  flock.  The  fre- 
quency distributions  for  size  and  shape  of  eggs  are  found  in  the  corre- 
lation tables  on  pages  191-194.  In  order  to  present  the  variation 
data  in  a  more  compact  form  Table  1  has  been  prepared. 

Table  1. — Frequency  distributions  of  variation  in  the  size  a  nd  shape  of  eggs. 


Length. 


MUli-  Fre- 
meters.  quency 


49. 0-49. 9 
50. 0-50. 9 
51.0-51.9 
52. 0-52. 9 
53. 0-53. 9 
54. 0-54.  9 
55. 0-55.  9 
56. 0-56. 9 
57.0-57.9 
58.0-58.9 
59. 0-59. 9 
60. 0-60.  9 
61.0-61.9 
62.0-62.9 
63.0-63.9 
64. 0-64. 9 
65. 0-65. 9 
66.0-66.9 
67.0-67.9 


Milli- 
meters. 


38. 0-38. 4 
38. 5-38.  9 
39. 0-39.  4 
39.  5-39.  9 
40. 0-40. 4 
40. 5-40. 9 
41.0-41.4 
41.5-41.9 
42.0-42.4 
42. 5-42. 9 
43.0-43.4 
43.5-43.9 
44.0-44.4 
44.5-44.9 
45.0-45.4 
45.  5-45. 9 
46.0-40.4 


Total. 


Shape  index. 


Fre- 
quency. 


60. 0-60. 9 
61.0-61.9 
62. 0-62. 9 
63.0-63.9 
64. 0-64. 9 
65. 0-65. 9 
66. 0-66.  9 
67. 0-67.  9 
08. 0-68. 9 
69. 0-69.  9 
70. 0-70. 9 
71.0-71.9 
72. 0-72. 9 
73.0-73.9 
74. 0-74. 9 
75. 0-75. 9 
76. 0-76.  9 
77. 0-77.  9 
78. 0-78.  9 
79.  0-79. 9 
80. 0-80. 9 
81.0-81.9 
82. 0-82. 9 
83.0-R1.9 
84.0-84.9 
85. 0-85.  9 


1 
1 
2 
1 

3 
3 
5 
6 
7 
13 
34 
27 
46 
41 
47 
50 
55 
33 
22 
27 
12 
5 
5 
2 
1 
1 


Weight. 


Cubic 
centi- 
meters. 


Fre- 
quency. 


40. 0-4C.  9 
41.0-41.9 
42. 0-42.  9 
43.0-43.9 
44.0-44.9 
45. 0-45.  9 
46. 0-40. 9 
47.0-47.9 
48. 0-4S.  9 
49. 0-49.9 
50. 0-50. 9 
51.0-51.9 
52. 0-52. 9 
53. 0-53. 9 
54. 0-54. 9 
55. 0-55. 9 
56. 0-56. 9 
57. 0-57. 9 
58. 0-58. 9 
59.0-59.9 
60. 0-60.  9 
61.0-61.9 
62. 0-02.  9 
63. 0-63. 9 
64.0-04.9 


Fre- 
quency 


42 

0-42 

9 

1 

43 

0-43 

9 

1 

11 

0-44 

9 

0 

45 

0-45 

9 

3 

40 

0-46 

9 

6 

47 

0-47 

9 

10 

48 

0-48 

9 

17 

49 

0-49 

9 

20 

50 

0-50 

9 

20 

51 

0-51 

9 

29 

52 

0-52 

9 

34 

53 

0-53 

9 

42 

54 

0-54 

9 

42 

55 

0-55 

9 

38 

5fi 

0-56 

9 

47 

57 

0-57 

9 

24 

58 

0-58 

9 

25 

59 

0-59 

9 

21 

60 

0-60 

9 

19 

61 

0-61 

9 

18 

62 

0-62 

9 

13 

63 

0-63 

9 

1 

64 

0-64 

9 

5 

65 

0-65 

9 

3 

66 

0-66 

9 

4 

67 

0-67 

9 

2 

6S 

0-68 

9 

3 

69 

0-69 

9 

2 

450 

1  For  detailed  references  see  Part  I  of  this  study,  p.  30. 

2  Elderton,  W.  P.   Frequency  Curves  and  Correlation,  London,  1907,  pp.  xiii  +  172 
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The  units  of  grouping  of  the  several  measurements  are  as  follows: 
Length,  1  mm.;  breadth,  0.5  mm.;  index,  I  per  cent;  bulk,  1  <-..  c; 
weight.  1  gram.  With  slightly  larger  groupings  (ho  distributions 
would  be  somewhat  smoother.  For  the  analytical  treatment  (pp. 
183-189)  the  grouping  of  the  index,  bulk,  and  weight  has  been 
doubled,  but  for  present  purposes,  and  for  the  determination  of  the 
correlation  coefficients,  the  smaller  grouping  gives  more  accurate 
results.  The  chief  constants  of  variation  deduced  from  (lie  above 
distributions  are  given  in  Table  2. 

Taih,k  2.     (!oiixhiiils  of  rftrirtlioii  in  si:r  and  xhu pi'  of  Huri'fil  !'liiuioiit)i.  Uorl-  t'<j(fx. 


<  'hararter. 

Mean. 

Standard  de- 
viation. 

Coefficient  of 
variation. 

I.CtKIlll  

  .millimeters. . 

riti.322-to.  or<> 

2.:;M\-t0.O54 

1.2'I7  h0.  (».-> 

iireailil]  

 do.... 

ll.'.»7±  .(111 

1.  :;7f«±  .  o:il 

:>.2S7j-  .071 

Ill'ifK  

71.522-t  •  I'-''1 

:t.  7v>±  •  iiw 

.-.()5:<-t  .11." 

Hulk  

 culm-  centimeters. 

SI.  WW*  •  MS 

4. .ibi.-, 

S.  11*14:   .  1X1 

Weight  

 frrums. 

.-.-,.21)4  4:  .  i  tr 

i.t;:>2+  .  nvi 

s.  :!fil±  .  is» 

From  tlie  above  tables  (lie  following  points  may  be  noted: 

1.  The  means  for  the  various  characters  may  he  considered  to 
give  close  approximations  to  the  true  values  for  normal  eggs  of  Bar- 
red Plymouth  Rock  pullets.  It  is  of  interest  in  (his  connection  to 
compare  the  values  of  Table  2  with  (hose  given  by  Willard  and 
Shaw  in  Bulletin  15!)  of  the  Kansas  Agricultural  Experiment  Station. 
This  bulletin,  while  dealing  chiefly  with  the  chemical  analysis  of 
eggs,  gives,  among  other  things,  the  length  and  breadth  measure- 
ments of  a.  series  of  eggs  from  different  breeds  of  poultry.  The 
mean  length  and  breadth  of  Plymouth  Rock  eggs  as  given  on  page 
171  of  the  bulletin  referred  to  are  as  follows: 

Mean  length  =  50.15  nun. 
Mean  breadth  =  41 .53  mm. 

These  results  are  based  upon  the  measurement  of  (he  eggs  from 
only  6  different  hens,  and  no  statement  of  the  age  of  these  birds  is 
given.  It  will  be  seen,  that  considering  (he  small  numbers  involved 
these  results  correspond  very  closely  to  the  values  given  in  Table  2. 

2.  Since  the  means  of  all  the  characters  tabled  do  not  differ  greatly 
among  themselves  in  absolute  numerical  value,  il  follows  that  the 
absolute  variation,  as  measured  by  the  standard  deviation,  is  very 
nearly  proportional  to  (he  relative  variability  as  measured  by  the 
coefficient  of  variation.  Consequently  in  com  pa  ring  the  several 
characters  in  respect  to  variability  it  makes  little  difference  which 
measure  one  uses.  On  general  grounds  it  is  better  to  measure  varia- 
bility in  proportion  to  the  size  of  the  thing  varying.  Consequently 
the,  discussion  which  follows  will  be  chiefly  based  on  the  coefficients 
of  variation. 

•'>.  The  variation  of  (he  egg  in  length  and  breadth,  bolli  absolutely 
and  relatively,  is  <piile  small.     Yarinbililios  of  onlv  '■'>  In  X  per  cent 
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indicate  that  the  distributions  are  closely  grouped  about  their  means. 
This  is  evident  from  inspection  of  the  data  of  Table  1. 

4.  The  egg  is  relatively  more  variable  in  length  than  in  breadth. 
From  the  values  given  in  Table  2  it  appears  that  the  difference  be- 
tween the  coefficient  of  variation  for  the  length  and  that  for  the 
breadth  of  the  egg  is  O.OoTiO.^l.1  The  difference  is  thus  approxi- 
mately eight  times  its  probable  error  and  certainly  significant.  This 
result,  that  the  egg  is  more  variable  in  respect  to  its  length  than  in 
respect  to  its  breadth,  is  only  what  might  be  expected  in  A'iew  of  the 
factors  concerned  in  the  shaping  of  the  egg.  If  a  plastic  body  gen- 
erally oval  in  shape  gets  its  final  definite  form  in  the  lumen  of  a  tube 
it  is  obvious  that  there  will  be  a  greater  opportunity  for  variation  in 
its  longitudinal  dimensions  than  in  any  of  its  lateral  dimensions. 
The  degree  of  diversity  which  can  occur  in  respect  to  lateral  dimen- 
sions, or  breadth  of  the  egg,  is  primarily  conditioned  by  the  degree 
of  tonus  of  the  muscular  layers  of  the  wall  of  the  oviduct.  It  is 
reasonable  to  suppose  that  in  normal,  healthy  birds  this  will  be  a 
relatively  constant  factor. 

As  the  absolute  difference  here  is  small,  a.  better  idea  can  be  gained 
of  the  actual  magnitude  of  the  amount  by  which  the  e^g  is  more 
variable  in  length  than  in  breadth  by  a  relative  or  percentage  com- 
parison. Taking  coefficients  of  variation  as  the  basis  of  comparison, 
it  appears  that  length  is  more  variable  than  breadth  by  an  amount 
which  is  29.1  per  cent  of  the  variability  of  the  breadth  and  22.6  per 
cent  of  the  variability  of  the  length.  In  other  words,  it  may  be  said 
that  the  egg  is  roughly  a  fourth  more  variable  in  length  than  it  is  in 
breadth. 

5.  The  index  is  considerably  more  variable  than  either  the  length 
or  breadth.  Since  the  index  is  a,  mathematical  function  of  the 
length  and  breadth  it  is  possible  to  determine  its  mean  and  standard 
deviation  from  a  knowledge  of  the  means  and  coefficients  of  varia- 
tion of  the  length  and  breadth.    It  was  shown  by  Pearson  '  that  for 

)'  .  HI 

indices  of  the  form  s=  —  the  mean  of  z  is  -  '(1  +     —  /•.  .,?•,?•„),  and 

.)■.,  it/.,  -      ''-  1  - 

that  the  standard  deviation  of  z  is  '"'Jr2.  +r'%  —  2r.  .,  r.r.,  where  in. 

and  in.,  are  the  means  of  ,i\  and  x2;  Vi  and  r3  are  the  coefficients  of 
variation  divided  bij  100,  and  r\2  denotes  the  coefficient  of  correla- 
tion between  .i,and  ,r2.  Substituting  the  proper  values  from  Table  2 
in  these  formulae  and  evaluating,  we  have 

Calculated  mean  index  =  74. 548 

Calculated  standard  deviation  of  index -  =  :5.s:>:> 

'  This  probable  error  is  calculated  by  the  ordinary  formula  for  I  be  probable  error  of  a  difference. 
-  Pearson,  K.   On  a  Form  of  Spurious  Correlation  which  may  arise  when  Indices  are  used  in  I  he  Measure- 
ment of  Organs.    1'roc.  liny.  So<-.,  vol.  (ill,  pp.  Iv.l-Cls,  KIT. 
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These  values  each  differ  by  less  than  0.05  from  the  values  determined 
directly  from  the  observations  in  Table  2.  This  difference  is  well 
within  the  probable  error  of  each  constant.  Considering  the  group- 
ing of  the  data,  these  formulae  give  excellent  values,  and  furnish  an 
additional  check  on  the  accuracy  of  the  arithmetic  involved  in  the 
calculation  of  the  constants  of  Table  2. 

6.  The  bulk  and  weight  are  much  more  variable  than  any  of  the 
other  characters  discussed.  The  bulk  appears  to  be  slightly  the  less 
variable  of  the  two,  both  absolutely  and  relatively,  although  the  differ- 
ence between  the  coefficients  of  variation  there  is  only  about  0.2,  and  is 
probably  not  significant.  The  bulk  and  weight  of  the  egg1  are  almost 
twice  as  variable  as  the  length  and  more  than  two  and  ones-half  times 
as  variable  as  the  breadth. 

It  is  of  interest  to  note  that  the  variability  of  these  egg  characters 
is  of  about  the  same  degree  as  that  exhibited  by  similar  characters 
of  the  human  skull.  Table  3  shows  a  few  coefficients  of  variation  for 
skull  characters. 

Table  3. —  Variation  in  certain  skull  measurements  in  man. 


Character. 


Skull: 

Length  (English)1  

Length  of  base  1  

Greatest  breadth  i  

Least  breadth  ot  forehead  '  

UeighH  

Cross  circumference 1  

Ratio  of  height  to  greatest  lengt  h  1  

Ratio  of  height  to  horizontal  length  1  

Height  to  breadth  index  1  

Breadth  to  height  index  >  

Capacity 1  

Brain  weight  (Bavarian)2  

1  Macdonell,  W.  R.   Biometrika,  Vol.  Ill,  p.  222. 

2  Pearl,  It.  Biometrika,  Vol.  IV,  p.  30.  The  Bavarian  weights  are  given  here  because  they  represent 
about  the  average  of  several  series  from  different  nationalities. 

From  this  table  it  will  be  noted  that  measurements  of  length, 
breadth,  height,  and  circumference  of  the  skull  are  subject,  to  a  varia- 
tion of  the  same  order  of  magnitude  as  egg  length  and  breadth, 
namely,  about  3  and  4  per  cent.  The  skull  indices  exhibit  a  slightly 
smaller  variation  than  those  of  the  egg,  averaging  about  4.5  per  cent. 
This  is  about  0.5  lower  than  the  coefficient  of  variation  for  the  egg 
index.  The  more  important  point  is  that  in  both  cases  the  indices 
are  more  variable  than  the  measurements  upon  which  they  are  based. 
The  difference  between  the  coefficients  of  variation  for  index  and 
length  of  eggs  is  less  than  the  difference  between  the  coefficients  of 
length  and  breadth.  The  actual  differences  with  the  probable  errors 
are: 

C.  V.  of  index  -  C.  V.  of  length  =  0.  846 ±0.  149 
C.  V.  of  length  -  C  V.  of  breadth  =  0.  857  ±0. 121 


Coefficient 
of  variation. 


3. 31 
4.07 
3.75 
4.29 
4. 21 
3.70 
3.80 
4.61 
4.86 
4.83 
8.28 
8.12 
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When  we  consider  measurements  of  weight  and  capacity,  we  find  a 
still  more  marked  increase  in  the  variability  in  both  eggs  and  skulls. 
In  the  case  of  skull  capacity  and  brain  weight  the  coefficient  ranges 
about  8  per  cent.  This  is  practically  the  same  value  as  that  found 
for  egg  bulk  and  weight. 

This  close  agreement  between  the  egg  of  the  domestic  fowl  and  the 
human  skull  in  respect  to  variation  in  size  and  shape  is  somewhat 
remarkable.  At  first  thought  it  might  be  considered  to  be  entirely 
fortuitous,  but  further  consideration  of  the  matter  suggests  the  possi- 
bility that  this  is  not  the  case;  but  that,  on  the  contrary,  there  is  a  real 
and  definite  analogy  between  the  two  things,  when  considered  from 
the  standpoint  of  development  al  mechanics.  When  we  measure  the 
shape,  size,  and  capacities  of  either  egg  or  skull,  we  are  dealing  with 
bodies  having  at  least  the  following  points  in  common: 

1.  Hollow  structure,  with  hard,  firm  wall.  In  its  development  this 
structure  passes  through  stages  in  which  the  wall  is  to  some  degree 
plastic  and  capable  of  being  molded  into  different  forms. 

2.  Both  are  normally  completely  filled  at  the  time  when  their 
definite  shape  is  being  fixed  witli  a  soft,  semifluid  substance  which 
is  increasing  in  volume  either  by  growth  or  by  absorption  of  fluid. 
In  other  words,  in  both  cases  there  is  exerted  on  the  outer  walls 
some  degree  of  pressure  from  within  while  this  wall  is  in  a  plastic  stage. 

3.  In  both  cases  muscular  pressure  is  brought  to  bear  on  the  wall 
from  the  outside  during  the  period  when  it  is  in  a  plastic  condition 
and  while  its  definitive  shape  is  being  fixed.  Tn  the  one  case  (the 
skull)  this  pressure  is  exerted  by  muscles  (temporal  and  masseter 
muscles  chiefly)  which  have  their  attachment  upon  the  outside 
of  the  wall  itself.  In  the  other  case  (the  egg)  the  external  pressure 
comes  from  the  intrinsic  muscle  layers  of  the  Avails  of  the  uterus  or 
"shell  gland." 

The  size  and  shape  of  an  egg  are  determined  by  a  complex  of  what 
may  be  spoken  of  as  intrinsic  and  extrinsic  factors.  On  the  one  hand 
in  influencing  size  we  have  as  a  primary  intrinsic  factor  the  size  of  the 
yolk  (determined  by  the  deposition  of  yolk  before  the  ovum  is 
discharged  from  the  ovary).  On  the  other  hand  as  extrinsic  factors 
may  be  distinguished  (a)  the  amount  of  albumen  secreted,  (b)  the 
tonic  condition  of  the  muscular  walls  of  the  oviduct  in  determining 
the  manner  in  which  the  albumen  shall  be  deposited  about  the  yolk, 
(c)  the  muscular  activity  of  the  walls  of  the  uterus  in  molding  the 
shell  as  it  is  secreted  about  the  albumen  and  its  inclosing  shell 
membrane.  So  far  as  concerns  the  actual  determination  of  the 
size  and  shape  of  the  shell,  the  secretion  of  albumen  should  be  regarded 
as  an  intrinsic  factor.    Observations 1  made  in   this  laboratory 

i  Pearl,  R.,  and  Curtis,  XI.  K.  Studies  on  the  Physiology  of  1  •iproduct ion  in  the  Domestic  Fowl. 
V.  Data  Regarding  the  Thysiology  of  the  Oviduct.   Jour.  Exp.  Zool.,  vol.  12,  pp.  99-132, 1912. 
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show  that  after  the  shell  membrane  has  been  secreted  around  the 
albumen  by  the  glands  in  the  isthmus,  the  egg  increases  in  weight 
by  a  considerable  amount.  This  means  that  pressure  is  being 
exerted  upon  the  formed  membrane  from  within.  The  observations 
referred  to  show  further  that  the  increase  in  weight  is  due  to  the 
passage  of  fluids  into  the  egg  by  osmosis.  So  then,  when  the  shell 
is  being  formed  and  is  receiving  its  definite  shape  we  may  think  of 
something  like  the  following  processes  occurring:  On  the  one  hand, 
the  shell  membrane  is  being  kept  tense  and  in  places  where  it  is  least 
resistant  is  being  bulged  out  by  the  pressure  from  within.  On  the 
other  hand,  the  muscular  walls  of  the  uterus  are  pressing  upon  this 
membrane  and  forming  shell,  from  without,  and  molding  it  into 
the  definite  shape  which  becomes  fixed  as  the  shell  hardens. 

If  we  may  suppose  that  a  set  of  processes  essentially  similar  in 
their  mechanical  action  and  results  to  those  which  have  been  described 
as  determining  the  shape  of  the  egg  are  operative  in  the  determination 
of  the  definitive  form  of  the  skull  we  then  have  a  definite  basis  for 
the  observed  close  similarity  in  variation  of  these  two  structures. 
That  these  two  factors  of  internal  pressure  (from  the  gromng  brain) 
and  the  external  molding  action  of  the  temporal  muscles  are  of 
primary  importance  in  the  developmental  mechanics  of  the  skull  is  a 
view  which  has  been  definitely  advocated  by  certain  anthropologists. 

Thomson  1  had  this  to  say  in  regard  to  the  matter  (he.  cit.,  p.  682) : 

For  purposes  of  convenience,  it  may  be  well  to  group  the  influences  s,t  work  in  the 
determination  of  cranial  form  under  two  heads: 
(a)  Those  operative  from  within. 
(6)  Those  operative  from  without. 

The  former  includes  such  factors  as  volume  of  brain,  growth  of  sutures,  and 
ossification  of  bones,  compensation  as  to  balance  of  head,  heredity  and  breeding. 
The  latter  embraces  muscular  influence  dependent  upon  jaw  development  more 
or  less  intimately  related  to  the  size  of  the  teeth  and  consequently  associated  with 
diet.  In  this  way  environment  plays  a  part  in  the  modification  of  man's  cranial 
form  in  the  same  manner  as  it  is  productive  of  the  variety  of  shapes  met  with  in  other 
types. 

Thomson  demonstrates  by  means  of  models  how  the  primary 
factors  of  internal  pressure  and  muscular  action  operate  to  influence 
the  form  of  the  skull. 

To  summarize  this  discussion,  it  may  be  said  that  in  the  first  place 
it  is  a  fact  that  in  respect  to  the  variability  of  their  chief  dimensions — 
length,  breadth,  length-breadth  index,  capacity,  and  weight  of 
contents — the  egg  of  the  domestic  fowl  and  the  human  skull  show 
a  very  close  similarity.2 

1  Thomson,  A.  Cranial  Form  in  Man,  together  with  some  Remarks  on  the  Attitude  of  the  Profession 
toward  Anthropology.   Medical  Record,  vol.  3,  pp.  681-687,  1903. 

2  The  human  skull  is  taken  for  illustration  in  this  discussion  simply  because  it  has  been  more  thoroughly 
studied  from  a  biometric  standpoint  than  the  skull  of  any  other  higher  vertebrate.  The  work  of  Ilatai 
(Amer.  Jour.  Anat.,  vol.  VIII,  p.  432)  on  the  skull  of  the  white  rat  indicates  that  the  general  features 
regarding  variation  and  correlation  in  skull  characters  are  probably  similar  in  all  of  the  mammals. 
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A  consideration  of  the  processes  concerned  in  the  production  of  the 
definitive  size  and  shape  of  both  of  these  structures  suggests,  though 
it  does  not  prove,  that  this  similarity  with  reference  to  variation 
constants  is  not  fortuitous  but  rests  upon  a  basis  of  general  similarity 
in  regard  to  mechanical  factors  operative  in  both  cases  during  the 
development  and  fixation  of  the  final  form. 

NATURE  OF  THE  FREQUENCY  DISTRIBUTIONS. 

Having  presented  the  general  facts  regarding  variation  in  egg 
size  and  shape  we  may  next  turn  to  the  analytical  discussion  of  these 
frequency  distributions.  In  the  mathematical  analysis  the  methods 
of  Pearson  have  been  used.  A  detailed  analysis  has  been  carried  out 
and  fitted  curves  obtained  for  the  distributions  of  length,  breadth, 
index,  bulk,  and  weight  of  the  450  eggs  of  series  A.  Both  for  con- 
venience in  calculation  and  to  secure  somewhat  smoother  distri- 
butions, the  data  with  regard  to  index,  bulk,  and  weight  were  grouped 
in  larger  units  than  in  Table  1.  Table  4  gives  the  distributions  as 
they  were  used  for  purposes  of  graduation. 

Table  4. — Frequency  distributions  used  in  the  analytical  discussion. 


[Data  from  Series  A.] 


Length.' 

Breadth.i 

Index. 

Bulk. 

Weight. 

Milli- 

Fre- 

Milli- 

Fre- 

Per 

Fre- 

Cubic 
centi- 

Fre- 

Grams. 

Fre- 

meters. 

quency. 

meters. 

quency. 

cent. 

quency. 

meters. 

quency. 

quency. 

49.5 

1 

38.25 

2 

61.0 

2 

41.0 

2 

42.0 

1 

50.5 

1 

38.  75 

4 

63.0 

3 

43.0 

8 

44.0 

1 

51.5 

7 

39.  25 

9 

65.0 

6 

45.0 

20 

46.0 

9 

52.5 

22 

39.  75 

18 

67.0 

11 

47.0 

53 

48.0 

27 

53.5 

36 

40.25 

41 

69.0 

20 

49.0 

76 

50.0 

40 

54.5 

71 

40.75 

52 

71.0 

61 

51.0 

83 

52.0 

63 

55.5 

68 

41.25 

41 

73.0 

87 

53.0 

78 

54.0 

84 

56.5 

77 

41.75 

65 

75.0 

97 

55.0 

60 

56.0 

85 

57.5 

78 

42.25 

73 

77.0 

88 

57.0 

36 

58.0 

49 

58.5 

35 

42.75 

48 

79.0 

49 

59.0 

16 

60.0 

40 

59.5 

29 

43.25 

41 

81.0 

17 

61.0 

8 

62.0 

31 

60.5 

10 

43.75 

26 

83.0 

7 

63.0 

7 

64.0 

6 

61.5 

4 

44.25 

15 

85.0 

2 

65.0 

3 

66.0 

7 

62.5 

3 

44. 75 

7 

68.0 

5 

63.5 

6 

45.25 

5 

70.0 

2 

64.5 

1 

45.  75 

2 

65.5 

0 

46.25 

1 

66.5 

0 

67.5 

1 

1  The  distributions  for  length  and  breadth  are  the  same  as  in  Table  1.  They  are  repeated  here  for  con- 
venience. 


The  units  of  grouping  for  the  various  characters  are  as  follows: 
Length,  1  mm.;  breadth,  0.5  mm.;  index,  2  per  cent;  bulk,  2  c.  c; 
weight,  2  grams.  In  Table  5  are  set  forth  the  analytical  constants 
for  the  distributions  of  Table  4.  The  moments  are  given  in  terms 
of  the  units  of  grouping  stated  above.  The  values  for  the  mean, 
mode,  standard  deviation,  and  y0  are  in  terms  of  the  units  of  meas- 
urements. 
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Table  ft.-  Analytical,  constants  of  varuUion  in  egg  size  and  shap 
[Data  from  Series  A.] 


Constant . 


Length. 


Mm. 

Mean   1222 

Standard  deviation   2. 3862 

Coefficient  of  variat  ion   t.  2367 

iu                                                               -1-  5.  ''940 

tu    !  +  8.3979 

m  !  7-2.1 

fl,  !  0.  3820 

  I.  3732 

Vfl  -   0.0181 

 -  -                                   +  1.3732 

  +  1. 15002 

«;                                                                    +  0.  1985 

Skewness  '  -4-  0.2150 

Modal  divergence.                                      -f-  0.5142 

Mode  -   55. 8080 

Type  of  curve   IV 

+  end  of  curve   +co 

—  end  of  curve   -co 

>'o   2U.345 


Breadth. 


Mm. 
■I  1.91(17 

X.  2(jiW 

-  7. 5922 

-  2.7141 
-Kill.  190li 

0.  0U18 
2.  S832 
0.  1297 

-  0.  116842 
•    0. 2842 

-  0. 04411 


II 
51.5951 
32.  238;) 
04.  1.57 


Index:. 

Bulk. 

Weight. 

Per  cot! . 

C.  c. 

Gram*. 

1  74.  5550 

1  51,8400 

1  55. 2400 

1  3.  7503 

l  4. 243- 

l  4. 5923 

i  5.  0302 

l  8,  1904 

l  8.3133 

+  3.5102 

+  4.5025 

+  5.2723 

+  2.02-19 

+  3.0878 

+  4.2770 

+40.  4191 

+04,  8049 

+  90. 1901 

0.  1585 

0. 1490 

0.  1249 

3.7501 

3.  1907 

3.2448 

0.  39-1 

0.  3800 

0. 3533 

+  0.7501 

-1-  0.  1907 

+0.2448 

+  1.0307- 

-  0.0530 

+0.1151 

+  0.  1109 

-  2. 1636 

+  0.83S8 

-  0.  1523 

+  0.  1964 

+0. 1704 

-  0.5712 

+  0.8335 

+  0.7825 

75.  1208 

51.0005 

54. 4575 

IV 

1 

V 

-4  co 

200.  0810 

—  CO 

32.  0009 

2.851  i 

41.  8N7 

DC.  472 

i 

1  These  values  for  the  mean,  standard  deviation,  and  coefficient  of  variation  for  the  index,  lmlk,  ami 
weight  were  calculated  from  the  distributions  in  Table  4.  Since  the  units  of  grouping  in  this  case  are 
Iwice  as  large  as  for  the  same  characters  in  Table  1.  (lie  values  ditler  slightly  from  those  previously  given. 
The  differences,  however,  are  insignificant  in  comparison  with  their  probable  errors  as  given  in  Table  2. 

■  In  Type  V  curves  t/o  very  often  has  a  very  large  value.   In  this  case  the  logarithm  of  70  =  247.66959. 

The  first  thing  that  i.s  noted  from  this  table  is  that  there  is  no 
uniformity  in  regard  to  the  type  of  curve  demanded  by  the  several 
characters  under  discussion.  The  criterion  (/t,  =2^  — —  G)  is  nega- 
tive in  only  two  cases,  viz,  the  breadth  and  bulk.  This  is  the  con- 
dition for  either  a  Type  I  or  a  Type  II  curve.  In  regard  to  the 
breadth  ;3l  does  not  differ  significantly  from  zero,  and  hence  the 
curve  is  symmetrical.  It  is  accordingly  fitted  with  a  Type  II  curve. 
In  the  bulk  distribution,  however,  ,5,  is  significantly  greater  than 
zero  and  hence  demands  a  curve  of  Type  I. 

In  the  other  distributions  «,  is  positive.  This  suggests  that  the 
distributions  belong  to  Pearson's  Type  IV  curve,  but  in  order  to 
determine  this  it  is  necessary  to  know  iu  addition  (he  value  of 

"3  ~  4(4^-3^  (2ft -3,3,- 6) 

To  fulfill  the  condition  of  a  Type  IV  curve  the  value  of  k,  must 
he  >0  and  <1.  Strictly  speaking  this  is  true  for  all  three  of  the 
remaining  distributions  and  accordingly  they  could  be  fitted  with 
Type  IV.  This  has  been  done  in  the  case  of  the  length  and  index. 
In  regard  to  the  weight,  however,  the  value  of  k3  (  —  +  0.84)  so  nearly 
approaches  unity  that  having  regard  to  the  probable  errors  of  the 
/?'s  it  may  be  looked  upon  as  not  significantly  <  I.  We  shall  thus 
veiy  likely  get  a  belter  fit  by  using  the  transition  curve  of  Type  V. 

The  equations  of  the  theoretical  curves  are  as  follows: 

Length: 

26.2446 


1 


6. 827*/ 


.  ^r>..V)lt  tan  "i,*.; 
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Breadth : 


>/  =  64.157  1- 


374.GSS0 


Index: 


Bulk: 


Weight : 


Bog  y-247.fi(>95!>5()  +  i:«.1410  log  (  -  )+  ]4<)L>.l.v.S()- 


The  histograms  and  (heir  fitted  curves  are  given  in  figures  1-5.  It 
is  evident  that  the  graduations  are  as  good  as  could  he  expected  for 
the  distrihutions. 

From  Tables  4  and  5  and  figures  1-5  we  note  the  following  points: 
1.  The  skewness  is  positive  for  all  characters  except  the  index. 
In  each  case  the  value  of  the  constant  is  numerically  small,  but  with 
the  exception  of  the  breadth  it  is  significant.  The  probable  error  of 
the  skewness  on  the  assumption  that  the  distribution  follows  the 
normal  curve  of  errors  is  given  by  the  formula 


for  all  distributions. 

The  skewness  of  the  breadth  distribution  is  less  than  twice  the 
probable  error  and  consequently  the  distribution  does  not  deviate 
sensibly  from  the  normal  curve.  Of  the  remaining  distributions  the 
skewness  for  the  index  is  the  smallest.  This,  however,  is  more  than 
five  times  the  probable  error,  and  the  distribution  is  certainly  signifi- 
cantly asymmetrical.  The  length  distribution  shows  the  greatest 
skewness  and  the  breadth  the  smallest. 

2.  The  distance  from  the  mean  to  the  mode  (d  =  Sk.o)  is  again 
significant  in  all  distributions  except  that  for  the  breadth.  For 
the  normal  distribution  the  probable  error  of  d  =  P.  E.  skXa.  For 
this  breadth  distribution  it  is  equal  to  ±0.150.  The  values  of  d  for 
the  bulk  and  weight  distributions  approach  each  other  rather  closely 
and  are  the  largest  of  the  five  values. 

1  For  obvious  reasons  this  curve  is  put  in  the  logarithmic  form.    The  equation  lo  a  curve  of  Type  V  is 


In  these  distributions  _V  is  450  and  we  have 


P.  K.  ,,.  zLO.OMSO 
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Fig.  2.— Histogram  and  fitted  curve  for  variation  of  eggs  in  breadth. 
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3.  The  kurtosis  (tj=/?2  — 3)  is  positive  or  greater  than  zero  in  all 
the  distributions  except  that  for  the  breadth.    Since  the 

P.  E.fc  =  4P.  E.  sk  =  ±0.1556 

the  kurtosis  of  the  breadth,  bulk,  and  weight  does  not  differ  signifi- 
cantly from  zero.  These  curves  are  thus  mesokurtic.  From  the 
graphs  (figs.  1-5)  it  is  evident  that  the  curves  for  bulk  and  weight  are 
rather  more  peaked  than  the  mesokurtic  condition.  On  the  other 
hand  the  kurtosis  of  the  curves  for  length  and  index  is  significantly 


67  73  79 

£00  //VDEX//V  /=£/?  C&VT 
Fig.  3.— Histogram  and  fitted  curve  for  variation  of  eggs  in  shape,  as  measured  by  length-breadth  index. 

positive,  thus  indicating  a  leptokurtic  or  peaked  curve.  This  is  shown 
in  figures  1  and  3. 

4.  In  only  three  cases  are  the  theoretical  curves  of  limited  range. 
In  the  curve  for  variation  in  breadth  the  estimation  of  both  ends  of 
the  range  is  very  good.  This  is  seen  if  the  values  given  for  the  range 
ends  are  compared  with  the  observed  measurements  of  extremely 
large  and  small  eggs.  In  the  direction  of  large  size  the  cases  of 
triple-yolked  eggs  are  to  be  considered.  The  measurements  given  by 
Akers  1  for  such  a  specimen  lead  to  a  breadth  of  about  52  mm.  Small 
eggs  with  a  diameter  of  30-35  mm.  are  not  uncommonly  found.  In 


»  Akers,  L.  C.   A  Three-yolked  Egg.   Farm  Poultry,  vol.  16,  p.  558,  1905. 
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the  case  of  the  curve  fur  variation  in  bulk  t  he  lower  range  end  is  a,  very 
fair  estimation.  The  upper  range,  however,  is  considerably  over- 
estimated. A  volume  of  200  c.  c.  would  certainly  mean  an  exception- 
ally large  egg,  and  perhaps  a  physically  impossible  value.  A  triple- 
yolked  egg  studied  in  this  laboratory  had  a  volume  of  79.1  c.  c.1 
From  the  weight  of  Akers'  s])ecimcn  (4 '  ox.  ■■■■  i  27.0  gins.)  we  would  esti- 
mate the  bulk  to  be  about  120  c.  c,  on  the  basis  of  correlation  data 
discussed  farther  on  in  this  bulletin.  Since  this  Aalue  seems  to 
approach  the  limit  of  observed  eggs,  it  is  hardly  likely  that  an  egg 


47  S3  S3  es 


£GC  euLtr  ft/OLvrf^J  //v  coa/c  c^r/Af^ry-^s. 

]''!<:.  1. —  Histogram  and  fiUi'd  curve  lor  \arialioll  of  eggs  in  hulk. 

with  a  volume  of  over  200  c.  c.  would  be  found  among  hen's  eggs.  In 
this  connection  it  must  be  noted  that  the  frequency  above  say  70  c.  c. 
is  A?ery  small  and  practically"  negligible.  Thus  the  expected  absolute 
frequency  of  eggs  with  a  bulk  of  SO  c.  c.  is,  according  to  the  theoretical 
curve,  0.000118,  or  the  expectation  is  that  one  would  get  3  such  eggs 
out  of  every  10,000,000  examined.  The  expectation  of  getting  eggs 
with  a  bulk  of  100  c,  c.  is  about  5  in  every  100,000,000,000,000. 
These  two  values  taken  as  examples  roughly  correspond  to  t  he  average 
bulks  for  double  and  triple-yolked  eggs  respectively.  It  is  evident 
that  the  theoretical  curve  underestimates  the  frequency  of  such  eggs. 

'  Pearl,  It.   A  Triple-yolked  Egg.    Zool.  Anz.  ISd.  XXXV,  pp.  -H7-4.'I2, 1910. 
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Valenciennes  1  stated  that  market-men  in  Paris  lind  about-  .'!  double - 
yolfced  eggs  in  every  14,000,000  eggs  handled.  Market  data  on  such 
a  question,  however,  can  not  be  a  very  reliable  indication  of  the 
actual  frequency  with  which  double-yolked  eggs  occur,  for  most 
double-yolked  eggs  are  never  sent  to  market.  It  is  more  likely  that 
the  actual  frequency  of  double-yolked  eggs  is  nearer  J  to  every  5,000 
or  (i,000  eggs  laid.  In  any  event  it  is  evident  from  the  preceding 
discussion  that  variation  in  the  bulk  of  double-yolked  eggs  must 
follow  some  other  law  than  that  which  describes  the  variation  of 
normal  eggs  in  respect  to  the  characters. 

The  theoretical  curve  for  variation  in  weight  is  of  Type  V,  which 
is  a  curve  limited  in  one  direction  only.    In  this  case  we  have  the 


SO  SG  62  &9 

Flo.  5.— Histogram  and  fitted  curve  for  variation  of  eggs  in  weight. 


lower  range  limit  at  2.S5  grams.  This  clearly  underestimates  the 
weight  of  the  smallest  of  normal  eggs,  our  lowest  observed  value 
being  42  grams.  However,  here  again  the  expected  frequency  below 
40  is  practically  negligible.  The  expectation  at  40  grams  is  less  than 
0.5  of  an  egg  per  1,000.  The  upper  range  is  unlimited,  but  it  is 
evident  from  the  graph  of  the  theoretical  curve  (fig.  5)  that  it  makes 
considerable  allowance  for  eggs  heavier  than  any  observed.  Thus 
the  curve  passes  70  grams,  the  highest  observed  value,  with  a 
frequency  of  about  2.6  eggs  per  1,000. 

1  Valenciennes.  Note  sur  les  ceufs  h  plusieurs  jaunes  conteuus  dans  la  nieme  coque.  <\  P..,  Ac.  .s  i. 
Paris,  T.  42,  pp.  3-6, 1856. 
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THE  CORRELATION  OP  THE  BARRED  PLYMOUTH  ROCK  EGG  IN 
RESPECT  TO  SIZE  AND  SHAPE  CHARACTERS. 

Having  considered  the  variation  of  eggs  in  the  size  and  shape 
characters  taken  singly,  we  may  next  turn  to  the  problem  of  correla- 
tion in  the  variation  of  these  characters.  The  size  of  an  egg  is 
primarily  determined  by  a  set  of  physiological  processes  entirely 
different  from  those  which  fix  its  shape.  On  this  account  it  is  of 
considerable  theoretical  interest  to  know  the  degree  of  correlation 
which  exists  between  the  shape  and  the  size  of  eggs.  Do  eggs  of  a 
certain  shape  always  have  a  larger  volume  than  eggs  of  another  shape  ? 

It  is  also  of  importance,  both  theoretically  and  practically,  to  know 
the  relation  between  the  bulk  and  weight  and  the  two  diameters  of 
eggs.  Is  an  exceptionally  long  egg  likely  to  have  an  exceptionally 
large  volume?  Will  one  be  more  likely  to  get  an  exceptionally  large, 
heavy  egg  if  he  selects  long  eggs  than  if  he  selects  broad  eggs? 

From  the  standpoint  of  causal  morphology  (Entwicklungs- 
mcchanik)  the  comparison  between  the  correlations  found  in  the 
size  and  shape  characters  of  eggs  and  those  and  similar  characters 
in  the  vertebrate  skull  is  of  much  interest.  These  considerations 
apply  with  reference  to  the  length  and  breadth  dimensions  of  the 
egg.  If,  as  has  been  previously  proposed,1  the  chief  factor  in  deter- 
mining the  shape  of  an  egg  is  the  contraction  of  the  uterine  muscles, 
we  could  scarcely  expect  a  high  degree  of  correlation  between  length 
and  breadth.  If  such  should  bo  found  it  would  indicate  a  greater 
degree  of  coordination  of  muscular  contractions  in  such  an  organ 
than  has  hitherto  been  supposed  to  exist. 

The  data  used  in  this  section  are  those  contained  in  Series  A. 
This  consists  of  the  measurements  of  450  eggs.  As  in  the  previous 
section,  five  characters  are  dealt  with  here.  These  are  length, 
breadth,  index,  bulk,  and  weight.  Arranging  these  in  all  possible 
pairs,  we  get  10  combinations.  It  is  thus  necessary  to  obtain  10 
coefficients  of  correlations.  Two  of  these  correlations  (namely,  index 
with  length  and  with  breadth)  will  be  obtained  by  means  of  formula;. 
For  the  other  eight  correlations,  it  is  necessary  to  form  the  usual 
correlation  tables.  These  are  shown  below  in  Tables  6  to  1 4,  inclusive. 
The  units  of  grouping  used  in  these  tables  are  the  same  as  those 
employed  in  calculating  the  variation  constants  (p.  178). 


i  Pearl,  R.   Jour.  Exp.  Zool.,  vol.  0,  pp.  339-359, 1909. 
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Egg  breadth,  in  millimeters. 
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Table  7. — Showing  the  correlation  between  egg  length  and  egg  weight. 
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Table  ]0. — Showing  the  correlation  helneen  tyy  breadth  ami  egg  bull;. 


Egg  bulk,  in  cubic  centimeters. 


ii 


3  1 


38.0-38.4 

38.  5-38.  9 
39. 0-39.  4 

39.  5-39.  9 
40. 0-40.  4 

40.  5-40.  9 
41.0-41.4 
41.5-41.9 
42. 0-42.  4 

42.  5-42.  9 
43. 0-43.  4 

43.  5-43.  9 
44.0-44.4 

44.  5-44.  9 
45. 0-4,5.  4 

45.  5-45.  9 
1 40.  0-46.  4 


..M...I1 

i  ...I  i  j... 

'.. i 

 <  i  i  i 


1 


1  4 

2  i  4 
2  5 


....  1, 
2  1 
4  1 

11  0 
('.  12  j 
2  4, 


 '  1 

2  ...  1 

3  2  1 

13  3  3 
8     7i  8 

14  11 ! 12 
8    Sj 171 

2'  3;  2 

2!  2 


1  2 

1  ... 

2  4 
14  6 

7  13 

7  3 

3  1 


...  1 
1  !  1 


I  1  I  2  ]  ii  I  5  !  15  !  25  |  28  1  20  I  50  j  30  1  47  I  43  I  35  j  32  !  2S  I  If,  |  20  |  11  !  5  j  5  |  3  I  : 


2 
4 
9 
IS 
41 
52 
41 
05 
73 
48 
41 
20 
15 


Total . 


Table  1  I.-   Shoving  the  correlation  between,  egg  index  anil  egg  weight. 


Egg  weight,  in  grams. 


O      O  C5 


he  ho 
;0  3 \~ 


0-00. 
0-01. 
0-62. 
0-63. 
0-64. 
0-63. 
0-66. 
0-67. 
0-68. 
0-69. 
0-70. 
0-71. 
0-72. 
0-73. 
0-74. 
0-75. 
0-76. 
0-77. 
0-78. 
0-79. 
0-80. 
0-81. 
0-82. 
0-83. 
0-84. 
0-85. 


I      I     |  ,  I      I  I 


i   i  r 


TTT 


1  U 
..  1 


1 

1 

2  3 

2 

2 

2 

3 

3  5 

3     1  3 

2 

3 

t 

6  : 

1     3  2 

'i 

6 

3 

11  2 

3 

5    3  1 

3 

3 

1 

3 

4  1 

4  : 

...   2  4 

1 

1 

2 

1 

2  2 

.    1    ...  1 

1 

4 

3  1 

3 

5     1  ... 

1 

1 

1 

.  ..  1 

1 

1   

2 

i 

1 

1 

1 

2 

2  ..  1  ... 
..  1 

..  1  ..  1 


27 
46 
41 
47 
50 
55 
33 
22 
27 
12 


Total.. 


10  1  17 1 20  20  i  29  34'  42 


42  ;  3S  ;  17  j  21  i  25  21  1  19  18  13  1  j 


3  4  2,  3 '21  450 


194      A  STUDY  OF  EGG  PRODUCTION  IN  THE  DOMESTIC  FOWL. 
Table  ]2. — Showing  the  correlation  of  egg  index  and  egg  bulk. 
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In  Table  14  are  exhibited  the  coefficients  of  correlation  deduced 
from  Tables  6  to  13,  together  with  their  probable  errors.  The  cor- 
relation coefficients  were  determined  according  to  the  usual  Bravais 
formula, 

r_Sfr/) 

when  x  and  y  are  the  deviation  from  the  means,  and  at  and  a2  are  the 
standard  deviations  of  the  two  variables. 


Table  14. — Coefficients  of  correlation.    Egg  size  and  shape.    Series  A. 


Characters. 

Coefficient  of 
correlation. 

Characters. 

Coefficient  of 
correlation. 

Length  and  breadth  

Index  and  weight  

Index  and  bulk  

+0. 0S37±.0316 
+0.0,S51±.0316 
+0. 1005±.0315 
+0.5751  ±.0212 

lireadth  and  weight  

Itreadth  and  bulk  

AY  eight  and  bulk  

+0.5797±.0211 
+0. 8357  ±.0096 
+0. 8602±.0083 
+0. 9804±.0O12 

From  Table  14  and  the  accompanying  Tables  G-13,  inclusive,  the 
following  points  may  be  noted: 

1.  In  every  case  the  correlation  is  positive. 

2.  In  Table  14  the  coefficients  of  correlation  are  arranged  in  the 
order  of  their  magnitude,  beginning  with  the  lowest  and  ending  with 
the  highest  coefficient.  Under  this  arrangement  it  is  seen  that  the 
first  three  coefficients  show  very  low  values  and  are  barely,  if  at  all, 
significant.  The  next  two  show  moderately  high  values,  while  the 
last  three  are  exceptionally  high. 

3.  In  the  case  of  the  correlation  between  length  and  breadth,  the 
coefficient  is  considerably  loss  than  three  times  its  probable  error.  It 
is  thus  clear  that  there  is  very  little  if  any  correlation  between  variation 
in  the  length  and  the  breadth  of  an  egg.  It  seems  most  probable  that 
the  shape  of  an  egg  is  determined  by  the  molding  influence  of  the 
longitudinal  and  circular  muscles  of  the  uterine  wall.  If  the  circular 
muscles  contract  more  strongly  than  the  longitudinal  we  shall  get  a 
relatively  long  and  narrow  egg.  On  the  other  hand  a  reduced  tonus 
of  the  circular  muscle  layer,  with  relatively  strong  contractions  of 
the  longitudinal  layer,  will  mean  the  production  of  a  short,  round 
egg.  The  absence  of  correlation  between  length  and  breadth  of  the 
egg  indicates  that  these  two  sets  of  muscles  are  to  a  large  degree 
independent  in  their  action. 

4.  The  next  two  coefficients,  index  and  weight  and  index  and  bulk, 
may  be  considered  together.  These  two  coefficients  do  not  differ 
greatly  from  each  other.  The  difference  is  certainly  not  significant 
in  comparison  with  its  probable  error  (difference  =  0.0154±0.0446). 
The  probable  error  is  several  times  the  difference.    Further,  neither 
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of  these  coefficients  taken  by  itself  can  be  considered  as  certainly 
significant.  The  coefficient  for  index  and  bulk  is  a  little  more  than 
three  times  its  probable  error,  while  that  for  index  and  weight  is 
slightly  less  than  three  times  its  probable  error.  However,  from  the 
fact  that  these  two  correlations  in  which  index  enters  are  both 
positive  and  of  about  the  same  value  and  these  values  approximately 
three  times  their  probable  errors,  it  can  not  safely  be  positively  con- 
cluded that  there  is  no  correlation  between  the  shape  of  an  egg  and 
its  weight.  The  results,  in  fact,  are  not  entirely  conclusive.  They 
appear  to  indicate  that  there  is  a  slight  correlation  between  the  shape 
of  an  egg  as  measured  by  the  length-breadth  index  and  its  bulk  or 
weight.  Thus  a  broad,  short  egg  is  on  the  average  slightly  more 
likely  to  have  a  larger  proportionate  capacity  than  a  narrow,  long  egg. 

5.  Taking  the  next  two  correlations  together  (viz,  length  with  bulk 
and  length  with  weight),  there  is  no  question  as  to  the  significance  of 
the  coefficients.  It  is  to  be  noted  that  these  two  coefficients,  in 
which  the  length  is  correlated  with  the  two  measures  of  capacity, 
have  approximately  the  same  value.  The  difference  between  them 
is  entirely  insignificant. 

6.  The  next  two  correlations  are  bread  ill  with  weight  and  breadth 
with  bulk.  These  coefficients  have  exceptionally  high  values. 
Again  it  will  be  noted  that  the  correlation  of  breadth  with  the  two 
measures  of  capacity  has  about  the  same  value  in  each  case.  The 
difference  here,  while  greater  than  that  mentioned  in  paragraph  5, 
is  still  not  to  be  regarded  as  certainly  significant.  It  is  0.0245  ± 0.01 27. 
The  results  clearly  show  that  inter-racially  both  egg  length  and  egg 
breadth  are  highly  correlated  with  the  volume  and  weight.  Of  the 
two  linear  dimensions  the  breadth  is  distinctly  more  highly  corre- 
lated with  bulk  characters  than  the  length.  That  this  difference  is 
significant  may  be  shown  by  taking  the  difference  between  the  highest 
coefficient  in  which  the  length  enters  and  tin;  lowest  one  in  which 
the  breadth  is  concerned.  This  difference  with  ils  probable  error  is 
0.8357-0.5797  =0.25G0 ±0.0232.  The  difference  is  more  than  10 
times  ils  probable  error.  As  to  the  measure  of  capacity,  it  plainly 
makes  little  difference  whether  one  uses  the  calculated  volume  in 
cubic  centimeters  or  the  actual  weight  in  grams. 

7.  Turning  finally  to  the  correlation  between  weight  and  bulk,  the 
very  high  coefficient  of  +0.9X04  is  noted.  The  significance  of  this  is 
that  the  formula  which  has  been  used  throughout,  for  calculating  the 
bulk  gives  excellent  results.  This  is  rather  remarkable  when  it  is 
remembered  that  in  calculating  the  bulk  the  egg  is  regarded  as  a 
perfect  prolate  spheroid,  which,  of  course,  it  never  actually  is.  The 
correlation  between  this  measure  of  capacity  and  the  actually  deter- 
mined weight  is  almost  perfect..  In  fact,  the  greater  part  of  the 
difference  between  the  determined  coefficient  of  +0.9804  and  that 


PHYSICAL  CHAEACTEES  OF  THE  EGG. 


197 


for  absolutely  perfect  correlation  +1.0000  may  be  regarded  as  due 

to  experimental  errors  either  in  the  weighing  or  in  calculating  the 

bulk  with  only  two  decimal  places  in  the  observed  length  and  breadth. 

It  is  perfectly  clear  that  the  calculated  bulk  is  a  very  excellent 

relative  measure  of  the  volume  of  an  egg.    It  is  another  question  as 

to  how  closely  this  measure  approximates  the  absolute  volume.    It  is 

clear  that  if  the  calculated  bulk  is  a  good  absolute  measure  of  the 

volume  the  specific  gravity  calculated  from  the  mean  weight  and 

mean  bulk  ought  to  equal  the  actually  observed  mean  specific  gravity 

of  eggs,  since — 

0     -r-         ■,  Weight  in  grams 

bpecmc  {gravity  =  =rr-,  r-5 — ,  .  p — -.  ■ — 

Volume  in  cubic  centimeters 

Substituting  the  means  for  weight  and  bulk  given  in  Table  2,  we 
have — 

Specific  gravity  =  =  1 .  0652 

The  average  specific  gravity  of  fresh  hen's  eggs  as  determined  by 
Wheeler  at  the  New  York  Agricultural  Experiment  Station  1  was 
1.090. 

Since  there  is  a  considerable  discrepancy  here,  it  was  thought 
advisable  to  make  a  series  of  determinations  of  the  specific  gravity  of 
eggs  from  the  same  strain  that  furnished  the  material  of  Series  A  of 
this  bulletin.  This  was  done,  with  the  results  shown  in  Tables  15 
and  16.  Table  15  gives  the  frequency  distribution  for  variation  in 
the  specific  gravity  of  61  Barred  Plymouth  Rock  eggs.  Each  one  of 
these  eggs  was  laid  by  a  different  bird.  The  determinations  were 
made  within  a  few  hours  of  the  time  of  laying. 

Table  15. — Frequency  distribution  for  the  variation  in  the  specific  gravity  of  fresh  eggs. 
[Data  from  Barred  Plymouth  Rocks.] 


Specific  gravity. 

Frequency. 

Specific  gravity. 

Frequency. 

1.075-1.079  

4 

6 
19 

25 

1.095-1.099  

4 
3 

1.080-1.084  

1.100-1.104  

1.085-1.089  

Total  

1.090-1.094  

61 

The  chief  variation  constants  for  this  distribution  are  shown  in 
Table  16. 

Table  16. — Constants  for  variation  of  eggs  in  specific  gravity. 


Constant. 


Value. 


Mean  

Standard  deviation  

Coefficient  of  variation. 


1. 0898±0. 0005 
.0054±  .0003 
.499 


1  New  York  Agr.  Exp.  Sta.,  Seventh  Ann.  Rept.,  p.  67,  1889. 
33294°— 14  3 
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From  these  tables  we  note: 

1.  There  is  an  extremely  small  degree  of  variation  in  respect  to 
specific  gravity  among  different  eggs  of  an  approximately  equal 
freshness. 

2.  The  mean  value  for  the  specific  gravity  of  the  egg  obtained  in 
this  series  of  observations  differs  by  only  0.0002  from  that  found 
by  Wheeler. 

3.  The  difference  between  the  observed  mean  specific  gravity  of 
the  egg  and  that  determined  from  the  calculated  bulk  and  the  weight 
is  0.0246.  This  difference  is  approximately  50  times  the  probable 
error  of  the  observed  mean. 

It  is  plain  that  the  calculated  bulk  on  the  average  somewhat  over- 
estimates the  absolute  volume  of  the  egg.  Since  both  the  mean 
weight  and  the  mean  specific  gravity  have  been  directly  determined 
from  the  eggs,  with  small  probable  errors,  it  is  possible  to  make  a 
rather  close  determination  of  the  average  amount  by  which  the  bulk 
formula  as  here  used  overestimates  the  true  volumes  of  the:  egg.  We 
have 

Mean  volume  =  f^nono  =50.710 

The  mean  bulk  determined  from  the  frequency  distribution  is 
51 .880.  It  is  then  seen  that  on  the  average  the  calculated  bulk  over- 
estimates the  volume  of  the  egg  by  1.170  cubic  centimeters.  In  other 
words,  by  assuming  the  egg  to  be  a  perfect  prolate  spheroid  an  average 
error  of  about  2.2  per  cent  is  made  in  the  calculation  of  the  volume 
of  the  egg.  This  error  is  in  excess.  Evidently,  then,  the  formula  for 
bulk  used  in  this  paper  not  only  gives  an  excellent  relative  measure 
of  the  volume  of  the  egg,  but  also  makes  a  fair  absolute  determination 
of  this  quantity,  certainly  sufficiently  accurate  for  all  practical 
purposes. 

If  still  greater  accuracy  is  desired  it  may  be  obtained  by  applying 
a  correction  factor,  based  on  the  calculated  bulk.  The  determination 
of  the  volume  of  the  egg  would  then  take  this  form : 

Approximate  volume  of  egg=  {4.1888  (J  breadth)2  X  (£  length)}  — 
0.022 {4.1888  (J  breadth)2  X  (i  length)} 

INDEX  CORRELATIONS. 

Before  entering  on  the  general  discussion  of  the  results  of  this 
section  it  is  necessary  to  consider  the  two  coefficients  measuring  the 
correlation  of  index  with  length  and  index  with  breadth,  respectively. 
It  was  stated  earlier  that  these  index  correlations  would  be  calculated 


PHYSICAL  CHARACTEES  OF  THE  EGG. 


199 


X 

by  formulae.    Pearson  1  has  shown  that  if  we  have  two  indices  — 

x  .  ... 

and  —  the  gross  correlation  p  between  these  indices  will  be 

=  rj^Vj  -'uVfj.  z  b^£3+Jj££i   

V?-',2  +  v32  -  2r13i\v3         +     ~  2r24u2v4 

where  ra  r3i  represent  the  calculated  coefficients  of  correlation 

and  vl  vt  the  coefficients  of  variation  of  the  variables  of  xt  x4, 

respectively. 

It  has  further  been  pointed  out  by  Pearl2  that  the  gross  corre- 
lation  p  between  the  length-breadth  index  —  and  the  breadth  xt  is 

^3 

 (i) 


Between  the  index  —  and  the  length  x3  the  gross  correlation  is 
x3 

r^Vi—v,  .... 

p  =   .      13  1     3     (11) 

■y/v12+v32-2rvsv1v3 

In  the  above-mentioned  memoir  Pearson  showed  that  a  large  por- 
tion of  the  gross  correlation  when  an  index  is  correlated  either  with 
another  index  or  with  one  of  the  actual  measurements  which  enter 
into  the  index  is  not  due  to  organic  relationship,  but  is  a  spurious 
correlation  arising  from  arithmetical  reasons.  It  has  been  shown 
that  the  measure  of  this  spurious  correlation  p0  in  the  case  of  index- 
breadth  is 

v3  ..... 
Po=  }  ,  ,    1  (111) 

Similarly  for  index-length  correlation 

"°=7TO   (lv) 

In  Table  17  are  given  first  the  gross  correlations,  p,  between  index 
and  length  and  index  and  breadth  as  calculated  from  (i)  and  (ii). 
Next  are  given  the  corresponding  spurious  correlations  calculated 
from  (iii)  and  (iv).  Finally  are  given  the  net  correlations  p  —  p0. 
These  represent  the  part  of  the  gross  correlations  that  may  be  con- 
sidered to  be  due  to  true  organic  interrelationship.    If  the  indices 

1  Pearson,  K.   On  a  form  of  spurious  correlation  which  may  arise  when  indices  are  used  in  the  measure- 
ment of  organs.   Proe.  Roy.  Soc,  vol.  60,  pp.  489-498,  1897. 
•  Pearl,  P>.   A  Biometrical  Study  of  Conjugation  in  Paramecium.   Biometrika,  vol.  V,  pp.  213-297, 1907. 
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were  arbitrarily  made  up  from  a  random  series  of  measurements  of 
the  lengths  and  breadths  of  different  eggs  the  values  in  the  last  col- 
umn, p—pm  would  be  significantly  zero.  The  meaning  of  the  expres- 
sion p—p0  had  been  fully  discussed  by  Pearl  (Joe.  cit.)  and  need  not  be 
repeated  here.  Expressed  in  terms  of  regression,  it  indicates  the 
amount  of  shift  of  the  gross  regression  line  beyond  the  spurious  line. 
This  shift  is  due  to  the  organic  correlation.  The  probable  errors 
given  in  the  spurious  and  net  columns  are  calculated  from  the  for- 
1  —  r2 

mula  P.E.r  =  0.67449 — t=.    This  assumes  that  r  has  been  calculated 

S(xy) 

from  the  usual  f ormula  r  =  -ir^-*—.  The  error  involve!  I  in  this  assuinp- 
tion  is  probably  not  significant. 

Table  17. — Index  correlations. 


Charaotors. 

(Iross, p 

Spurious,  po 

Net,  p—po 

Index-length  

— 0. 7707 
-f  .7552 

— 0.7901±0.011«) 
+  .7901±  .011!) 

+0.0194±0. 0318 
—  .0349±  .0318 

From  an  examination  of  the  last  column  of  this  table  it  is  clear  that 
there  is  no  significant  correlation  between  the  shape  of  an  egg  as 
measured  by  the  length-breadth  index  and  either  its  length  or  breadth. 
In  neither  case  is  the  net  correlation  significantly  greater  than  its 
probable  error. 

In  discussing  the  correlation  between  the  index  and  volume  (p.  195), 
it  was  said  that  there  also  the  values  of  r  were  not  significant,  taken 
independently.  From  the  fact  that  both  the  index-bulk  and  index- 
weight  correlations  were  positive  and  of  values  bordering  on  signifi- 
cance, it  was  concluded  that  there  might  be  some  slight  correlation 
between  shape  and  capacity  variation  of  the  egg.  With  the  addi- 
tional evidence  afforded  by  Table  17  it  becomes  still  more  certain 
that  if  there  is  any  real  correlation  between  size  and  shape  characters 
of  the  egg  it  must  be  extremely  slight  in  amount  or  degree;. 

COMPARISON  OF  CORRELATION  IN  THE  EGG  AND  THE  SKULL. 

Earlier  in  this  bulletin  it  has  been  shown  that  the  egg  and  the 
human  skull  show  a  marked  similarity  in  respect  to  variation  in  cor- 
responding dimensions.  It  was  suggested  that  this  correspondence 
between  two  such  dissimilar  things  probably  owes  its  origin  to  the 
fact  that  the  developmental  mechanical  forces  which  come  into  play 
in  determining  the  form  of  an  egg  are  essentially  of  the  same  kind  as 
those  which  give  the  skull  its  definitive  form.  If  this  view  of  the 
matter  is  correct  it  would  be  expected  that  a  similar  correspondence 
would  be  found  in  respect  to  the  degree  of  correlation  between  the 
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different  dimensions  in  the  two  objects.  As  a  matter  of  fact,  such  is 
the  case,  as  is  shown  by  the  data  given  in  Table  18. 

In  this  table  are  collected  from  the  literature  correlation  coefficients 
for  skull  dimensions  in  several  human  races  and  also  in  the  albino  rat. 
In  the  case  of  the  human  data  only  the  constants  for  males  are  tabled, 
in  order  to  save  space  and  at  the  same  time  avoid  the  mental  confu- 
sion which  arises  with  a  long  series  of  constants,  all  showing  about  the 
same  thing,  but  differing  slightly  among  themselves.  Nothing  dif- 
ferent in  principle  would  be  brought  out  if  all  the  constants  for 
females  were  given  in  the  table.  In  obtaining  the  means  the  indi- 
vidual coefficients  have  been  weighted  in  proportion  to  the  number 
of  cases  on  which  they  were  based. 

Table  18. — Comparison  of  correlations  in  egg  and  skull  characters. 


Characters  and  race. 


Skull  length  and  breadth: 

French  males 1  

German  males 2  

English  males3  

Naqada  males1  

Weighted  mean,  human  males  . 

Albino  rat 4  

Egg  length  and  breadth  


Skull  length  and  capacity: 

English  males  3  

Naqada  males  i  

German  males 2  

Weighted  mean,  human  males  . 

Albino  rat4  


Number 
of  cases. 


800 
100 
131 
139 
1,230 
53 
51 
450 


Egg  length  and  weight. 
Egg  length  and  bulk . . . 


Skull  breadth  and  capacity : 

English  males 3  

Naqada  males 1  

German  males 2  

Weighted  mean,  human  males . 

Albino  rat  *  


Egg  breadth  and  weight. 
Egg  breadth  and  bulk. . . 


72 
89 
100 
201 
53 
51 
150 
450 


100 
261 
53 
51 
450 


Coefficient  of  correlation. 


0.089  ±0.024 
.286±  .062 
.240±  .055 
.344±  .050 
0.150 
cf=0.665±0.052 
?-=0.397±  .080 
0.OSi±  .032 


0.597  ±0.051 
.501±  .054 
.515±  .050 
0.6SS 
cf  =0.761±0.039 
?=0.577±  .062 
0.580±  .021 
.575±  .021 


0.631±0.048 
.434±  .058 
.672±  .037 
0.680 
0.838±0.028 
?  =  0.632±  .057 
0.8S6±  .010 
.860±  .008 


Skull  B/L  index  and  length: 

English  males3  

French  males 1  

Naqada  males 1  

Weighted  mean,  human  males  

Egg  B/L  index  and  length  

Skull  B/L  index  and  length,  net  correlation  (mean) . 
Egg  B/L  index  and  length,  net  correlation  


131 
860 
130 
1,121 
450 


Gross.  Spurious. 
-O.547±  0.041    -0. 658±0.033 

-  .652±  .014    -  .686±  .013 

-  .551±  .041    -  .694±  .031 

-0. 628  -0. 684 

-  .771    -  .790±  .012 

+0. 056 
+0.019±0.0S2 


Skull  B/L  index  and  breadth: 

English  males 3  

French  males  i  

Naqada  males  i  

Weighted  mean,  human  males  

Egg  B/L  index  and  breadth  

Skull  B/L  index  and  breadth,  net  correlation  (mean). 
Egg  B /L  index  and  breadth,  net  correlation  


131 
860 
130 
1,121 
450 


0.682  ±0.032 
.699±  .012 
,594±  .038 
0.686 
.756 
—0.OU 
-0.OS5±O.OS2 


0.753±0.026 
.727±  .011 
.720±  .028 
0.729 
790±  .012 


i  Fawcett,  C.  D.  Biometrika,  Vol.  I,  p.  457.  3  Macdonell,  W.  R.  Biometrika,  Vol.  Ill,  p.  233. 
»  Lo»,  A.  Phil.  Trans,  Vol.  196A,  p.  231.  i  Hatai,  S.   Amer.  Jour.  Anat.,  Vol.  VII,  p.  432. 
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From  this  table  it  is  at  once  apparent  that  the  same  general  corre- 
spondence between  the  egg  and  the  skull,  which  was  found  to  hold  for 
relative  variability,  also  obtains  with  reference  to  the  degree  of 
correlation  in  variation.  Taking  the  various  points  seriatim,  we 
note : 

1.  That  while  the  correlation  between  length  and  breadth  in  the 
human  skull  tends  to  be  higher  than  that  for  the  corresponding  egg 
dimensions,  yet  taking  the  mean  for  all  the  coefficients  it  is  not  greatly 
so.  The  coefficient  for  skull  length  and  skull  breadth  in  the  French 
series  (the  most  extensive  of  all)  is  almost  identical  with  that  for  the 
corresponding  dimensions  of  the  egg.  In  the  case  of  the  rat  skull  the 
correlations  are  distinctly  higher  than  for  either  human  skull  or  egg. 
But  here  two  facts  must  be  taken  into  account.  In  the  first  place  the 
rat  series  are  small  and  may  be  comparatively  "bad"  samples  of 
the  general  population  of  rat  skulls.  The  unusually  large  differences 
between  the  constants  for  the  male  and  the  female  series  suggests  that 
such  may  be  the  case.  In  the  second  place,  the  relative  influence  of  the 
two  morphogenetic  factors  chiefly  concerned  here  (tension  of  temporal 
muscles  and  internal  pressure  from  developing  brain)  must  be  dis- 
tinctly different  in  the  case  of  the  rat's  skull,  with  its  proportionately 
small  brain  and  almost  no  vaulting,  its  comparatively  heavy  jaw 
with  associated  muscular  development,  and  its  entirely  different  facial 
development,  from  what  obtains  in  the  case  of  the  human  skull.  In 
other  words,  there  is  not  the  same  morphogenetic  basis  for  the  com- 
parison of  the  rat's  skull  with  the  bird's  egg  that  there  is  for  compar- 
ing the  human  skull  with  this  object. 

2.  That  the  agreement  between  human  skull  and  egg  in  respect  to 
the  correlation  between  length  and  capacity  is  veiy  close..  This  is 
true  whether  weight  or  volume  be  taken  as  the  capacity  measure  in 
the  case  of  the  egg. 

3.  That  this  accord  between  egg  and  skull  is  not  quite  so  close  in 
the  case  of  the  breadth-capacity  correlation  as  for  the  length-capacity 
correlation.  Here  there  is  closer  agreement  between  the  rat  skull  and 
the  egg.  The  most  significant  point,  however,  is  that  all  the  cases 
(rat  skull,  human  skull,  etc.,  and  egg)  agree  in  showing  a  somewhat 
closer  correlation  between  breadth  and  capacity  than  between 
length  and  capacity.  This  difference  is  least  for  the  human  skull  and 
greatest  for  the  egg,  but  it  is  in  the  same  sense  for  all  three  forms. 

4.  That  in  respect  to  index  correlations — shape  with  size — there 
is  a  remarkably  close  agreement  between  egg  and  skull.  The  net 
organic  correlations  are,  within  the  limits  of  error  of  random  sam- 
pling, identical. 

Taking  all  the  facts  together  it  may  fairly  be  said  that  hi  respect 
to  relative  variability  and  correlation  of  dimensions  there  is  a  close 
similarity  between  the  hen's  egg  and  the  human  skull  in  particular, 
and  probably  to  a  lesser  extent  the  mammalian  skull  in  general. 
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The  most  probable  explanation  of  this  similarity  is  to  be  found  in 
the  fact  that  the  immediate  physical  and  mechanical  forces  which 
have  to  do  with  the  determination  of  the  definitive  form  in  the  two 
cases  are  of  essentially  the  same  kind,  and  act  in  essentially  the  same 
way. 

REGRESSION  AND  THE  DETERMINATION  OF  THE  PROBABLE  VALUE 
OP  A  PARTICULAR  EGG  DIMENSION  FROM  A  KNOWLEDGE  OF 
OTHER  DIMENSIONS. 

One  of  the  aims  of  science  is  to  be  able  to  predict  the  occurrence 
or  attributes  of  one  phenomenon  from  a  knowledge  of  other  related 
phenomena.  It  is  clear  that  it  wotild  be  of  advantage  in  many 
ways  if  one  could  express  with  reasonable  accuracy  certain  of  the 
physical  characteristics  of  eggs  in  terms  of  other  characters.  For 
example,  it  often  happens  that  one  is  able  to  obtain  directly  the 
measurements  of  an  egg  but  not  its  weight.  This  is  the  case  with 
"blown"  eggs  in  a  museum.  Further,  in  eggs  which  have  been 
stored  in  such  a  way  that  they  have  lost  water  by  evaporation  it  is 
impossible  to  obtain  the  correct  weight  directly,  though  their  linear 
dimensions  will  not  have  changed.  In  such  cases  formulae  to  deter- 
mine the  probable  mean  fresh  weight  of  a  series  of  such  eggs  would 
be  valuable.  Practical  use  might  possibly  be  made  of  such  formulae 
in  the  investigation  of  cold-storage  eggs.  In  the  following  pages 
especial  attention  will  be  given  to  the  derivation  of  formulae  for  esti- 
mating the  weight  and  volume  of  eggs  from  the  direct  measurements 
of  length  and  breadth. 

For  such  characters  as  are  capable  of  numerical  expression  the 
simplest  method  of  predicting  one  character  in  terms  of  another  is 
furnished  by  the  principle  of  regression. 

The  degree  of  accuracy  with  which  such  a  prediction  can  be  made 
depends  upon  two  things;  namely,  (a)  the  relation  between  the  char- 
acters considered,  i.  e.,  the  degree  of  correlation,  and  (b)  the  vari- 
ability of  the  characters.  It  is  well  known  that  if  from  the  ordi- 
nary correlation  table  the  means  of  the  arrays  for  either  correlated 
character  are  plotted  the  points  so  obtained  usually  lie  very  nearly 
on  a  straight  line.  By  determining  the  equation  of  the  straight  line 
best  fitting  these  points  it  is  clear  that  we  obtain  an  expression  of 
one  of  the  characters  in  terms  of  the  other.  Occasionally,  however, 
it  happens  that  the  plotted  means  do  not  lie  in  a  straight  line.  In 
such  cases  the  regression  is  said  to  be  "nonlinear,"  and  the  correla- 
tion "skew."  Some  curve  must  then  be  found  to  graduate  the  means 
of  the  arrays. 

Before  entering  upon  the  detailed  discussion  of  the  regression  lines 
for  egg  characters  it  will  be  of  advantage  to  consider  briefly  certain 
points  of  mathematical  theory  regarding  tests  for  linearity  of 
regression. 
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LINEARITY  OF  REGRESSION. 

In  his  memoir  on  "Skew  Correlation  and  Non-Linear  Regression,"1 
Pearson  has  pointed  out  a  method  of  measuring  the  approach 
to  linearity  of  the  regression  curve.  In  addition  to  the  coefficient 
of  correlation,  r,  the  two  most  significant  constants  are  (a)  the  square 
root  of  the  mean  square  deviation  of  the  means  of  the  arrays  from 
the  regression  line  Im,  and  (b)  the  correlation  ratio,  rj.  The  latter 
gives  the. mean  reduction  in  the  variability  of  an  array  as  compared 
with  that  of  the  whole  population.    It  is  evident  that 

7)=^  (i) 


where  amv  is  the  standard  deviation  of  the  weighted  means  of  the  y 
arrays  about  the  mean  of  the  population,  and  a„  is  the  standard 
deviation  of  the  variates  about  the  same  mean.  In  calculating  amv 
the  squared  deviations  of  means  are  weighted  with  then  frequencies. 
Pearson  has  further  pointed  out  that 

lM2  =  a„2-rav2  (ii) 

Hence  from  (i)  and  (ii) 


If  the  regression  is  linear,  2M  should  equal  zero  and  r?  should  equal 
r  within  the  limits  of  random  sampling.  Table  19  gives  the  values  of 
Im  and  rj  derived  from  the  data  in  the  correlation  tables  (pp.  192-193). 
The  correlation  coefficients  for  length  with  breadth  and  for  the  index 
correlations  were  so  low  that  it  was  not  deemed  worth  while  to  con- 
sider then  regression  equations. 

Also  from  the  inspection  of  Table  13  and  particularly  from  an 
examination  of  figures  10  and  1 1  (p.  209)  it  is  clear  that  the  regressions 
of  weight  on  bulk  and  of  bulk  on  weight  are  essentially  linear.  Hence, 
we  have  not  gone  to  the  trouble  of  calculating  the  constants  for  the 
linearity  of  regression  in  these  cases. 

For  convenience  there  is  included  in  Table  19  the  values  of  r  and 
the  corresponding  differences  with  their  probable  errors.  It  has 
been  shown  by  Pearson  (he.  cit.)  that  a  very  close  approximation  to 
the  probable  error  of  jj  is  given  by  the  formula 

P.E.^0.674491^ 

Blakeman2  has  given  approximate  formulas  for  the  probable  errors  of 
rj  —  r2  and  ij  —  r. 

1  Pearson,  K.  Mathematical  Contributions  to  the  Theory  of  Evolution  XIV.  Draper's  Company 
Research  Memoirs,  Biometrie  Series  II,  1905. 

!  Blakeman,  J.  On  Testa  for  Linearity  of  Regression  in  Frequency  Distributions.  Biometrika,  Vol.  IV, 
pp.  332-350, 1905. 
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His  formulas  have  been  used  in  obtaining  the  probable  errors  of 
these  constants. 


Table  19. — Analytical  constants  for  linearity  of  regression. 


Correlated  characters. 

r 

>/' 

>i-r 

T 

Bulk  and  length  

n.  5751  ±0.0213 

0.  6163±0. 0197 

0.0412±0.0116 

0. 2214o- 

0.0490±0. 0136 

Weight  and  length  

.5797±  .0211 

.6127±  .0198 

.0330±  .0113 

.1983o 

.0393± 

0133 

Weight  and  breadth  

.8357±  .0096 

.8377±  .0(195 

.0020±  .0022 

.0582* 

,.0034± 

0037 

Bulk  and  breadth  

.S602±  .0083 

.8(i20±  .0082 

.0018±  .0021 

.0563<r 

.0032± 

0036 

1  Calculated  from  the  weighted  squared  deviations  oi  the  means  from  the  mean  of  the  population.  Shep- 
pard's  corrections  were  not  used. 


From  Table  19  we  note  that  in  the  regression  of  bulk  on  length 
and  weight  on  length  the  values  of  r/  —  r  and  rf  —  r2  are  more  than 
three  times  their  probable  errors.  In  these  cases  ij  is  significantly 
greater  than  r.  Likewise  IM  deviates  sensibly  from  zero.  Judged 
by  this  test  we  must  conclude  that  the  regressions  of  bulk  and  weight 
on  length  deviate  sensibly  from  linearity. 

Turning  to  the  regression  of  bulk  on  breadth  and  weight  on  breadth 
we  note  that  the  values  y  —  r  and  if  —  r2  are  just  about  equal  to 
their  probable  errors.  Hence,  -q  does  not  differ  significantly  from  r. 
From  this  we  may  conclude  that  the  best  fitting  straight  line  will 
give  as  good  results  in  the  prediction  of  weight  or  bulk  from  breadth 
as  any  other  curve. 

The  deviation  of  r  from  rj  and  of  In  from  zero  necessarily  implies 
departure  from  linearity.  This  may  be  due  to  either  one  or  both 
of  two  causes.  Either  the  points  determined  by  the  means  do  not 
lie  in  a  straight  line  and  can  be  better  described  by  some  other  curve, 
or  else  the  points  deviate  from  a  straight  line  but  nevertheless  can 
be  better  described  by  that  than  by  any  other  curve.  In  order  to 
decide  in  which  class  the  present  series  lies  we  may  have  recourse  to 
the  diagrams  showing  the  plotted  means  of  the  arrays. 

SIMPLE  LINEAR  REGRESSION. 

Before  taking  up  these  diagrams,  however,  it  will  be  of  advantage 
to  have  before  us  the  equations  to  the  respective  regression  lines, 
and  these  may  then  be  plotted  on.  the  same  figure.  It  has  been 
shown  by  Yule  1  and  others  that  the  simplest  forms  of  the  character- 
istics or  regression  equations  with  two  variables  are 

x-r"ytj  (i) 

and 

y  =  ra*x  .     .  _  .  -   .  ..  _  -  (ii) 

where  x  and  y  represent  deviations  from  their  respective  mean 


■  Yule,  O.  U.   On  the  Theory  of  Correlation.   Jour.  Roy.  Stat.  Soc,  Vol.  LX,  1897. 
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values;  at  and  a2  are  the  standard  deviations  of  X  and  Y  respectively; 
and  r  is  their  coefficient  of  correlation  as  usual. 
Transferring  these  values  to  their  means  we  have 

{X  —  mean  x)  =  r^-iY  —  mean  y)   .  (iii) 

( Y—  mean  y)  =  r°2{X  —  mean  x)   (iv) 

°\ 

The  expressions  rx  and  r°2  are  spoken  of  as  the  regression  coeffi- 

cients  and  often  designated  as  1>1  and  h2,  respectively. 

Further  it  is  evident  from  the  mathematical  relations  involved 
that  the  standard  error,  2,  made  in  estimating  X  from  equation  (iii) 
is  <rx  ijl—r2.  Similarly  <r2  y'l  —  r2  is  the  probable  error  of  Y  as  estimated 
from  equation  (iv). 

Now  applying  these  equations  to  the  data  in  hand  we  obtain  the 
following  regression  equations  together  with  their  standard  errors. 
Only  those  equations  are  given  in  which  weight  or  bulk  is  estimated 
from  other  characters. 

The  abbreviations  used  are  evident;  W.  =  Weight;  L.=  Length; 
fir.  =  Breadth;  B&.  =  BuIk. 

(1)  W.  =  1.1229£.    -  7.9792;  2' =  3.7661. 

(2)  W.  =  2.8035fir.  -62.2483;  2  =  2.5383. 

(3)  W.  =  1.0704fiZL-  0.2681;  2  =  0.9610. 

(4)  fiZfc.  =  1.0203Z.    -  5.5879;  2  =  3.4631. 

(5)  5Bfc.  =  2.64315r.  -58.9081;  2  =  2.1591. 

(6)  BTk.  =  0.8979  W.  +  2.2563;  1  =  0.8344. 

Since  there  is  a  very  high  correlation  between  weight  and  bulk  the 
corresponding  regression  lines  for  weight  and  for  bulk  on  length,  as 
well  as  for  weight  and  bulk  on  breadth,  show  a  striking  similarity. 
The  regression  lines  for  weight  on  bulk  and  bulk  on  weight  are  prac- 
tically identical.  For  this  reason  we  may  discuss  these  regressions 
in  pairs,  taking  first  those  in  which  the  length  forms  are  variable. 
These  are  exhibited  in  figures  6  and  7. 

From  these  figures  it  is  clear  that  the  regressions  of  weight  on 
length  and  of  bulk  on  length  follow  some  other  law  than  that  of  the 
straight  line.  The  deviations  at  either  extremity  are  in.  both  cases 
definitely  directed  and  can  not  be  accounted  for  as  random  devia- 
tions. This  furnishes  confirmatory  evidence  concerning  the  conclu- 
sions drawn  from  a  study  of  the  correlation  ratio.  We  are  undoubt- 
edly dealing  with  nonlinear  regression  in  these  cases.  The  figures 
show  that  the  fitted  regression  line  represents  the  facts  well  in  the 
middle  of  the  range,  but  prediction  as  to  the  weight  or  bulk  of  very 
long  or  very  short  eggs  made  according  to  these  equations  would  vary 
rather  widely  from  the  true  values.  However,  in  a  random  sample  of 
eggs  the  majority  will  lie  in  that  portion  of  the  curve  which  is  well 
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Fig.  6.— Regression  of  egg  weight  on  egg  length. 


graduated  by  the  regression  line.  Thus  in  the  above  figures  6  and  7 
it  is  evident  that  the  points  at  which  the  line  of  the  plotted  means 
begins  to  deviate  sensibly  from  the  fitted  line  may  be  taken  as  corre- 
sponding approximately  to  egg  lengths  of  51  and  61  mm.  Referring 
to  the  frequency 
distribution  for 
length  (Table  1),  it 
is  seen  that  433 
eggs  out  of  the 
total  450  eggs 
measured  have 
lengths  between 
51  mm.  and  61 
mm.  In  other 
words,  over  96  per 
cent  of  the  eggs  in 
this  sample  fall 
within  that  portion 
of  the  curve  which 
is  satisfactorily  fit- 
ted by  the  regression  straight  line.  It  may  further  be  noted  that  these 
points  of  51  mm.  and  61  mm.  lie  on  either  side  of  the  mean  length  at 
distances  nearly  equal  to  —2a  and  +2a,  respectively.  It  is  thus 
clear  that  for  any  random  sample  of  eggs  having  a  mean  length  and 

a  standard  deviation  in 
length  approximately  the 
same  as  those  of  the 
present  distribution  one 
will  get  for  over  96  per 
cent  of  the  eggs  fairly 
good  predictions  of 
weight  and  bulk  from 
equations  (1)  and  (4). 
If  the  regression  line  will 
estimate  the  weight  or 
volume  of  96  per  cent  of 
the  eggs  as  closely  as  can 
be  done  by  any  equation 

Fig.  7— Regression  of  egg  hulk  on  egg  length.  which   takes   account  of 

the  length  only,  we  may  expect  to  get  fairly  good  results  when  the 
equation  is  applied  to  a  random  sample  of  eggs. 

Such  a  test  for  this  and  other  equations  will  be  made  in  a  later 
section  of  this  bulletin  (p.  223). 

A  still  further  test  as  to  the  estimation  of  such  equations  is  given 
by  the  standard  error  S  =  a-yjl-r2.  The  value  for  each  case  is 
given  with  the  equations.    In  the  regression  of  weight  ou  length 
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J  =  3.7661  and  for  bulk  on  length  2  =  3.4631.  In  other  words,  the 
standard  error  of  the  weight  as  predicted  by  equation  (1)  is  about 
3.8  grams,  or  about  7  per  cent  of  the  mean  weight. 

We  may  next  consider  the  regressions  in  which  weight  and  bulk  are 
associated  with  breadth.    The  equations  to  the  fitted  lines  are 

given  as  (2)  and 
(5)  on  page  206. 
The  graphs  of 
these  lines,  to- 
gether with  the 
plotted  means,  are 
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Fig.  8. — Regression  of  egg  weight  on  egg  breadth. 


given  in  figures  8 
and  9. 

.  v  It  is   at  once 

$5  *s.7s —  evident  that  here 

the  regression 
lines  fit  the  data 
much  better  than 
in  figures  6  and  7. 
However,  there 

is  here  also  an  evident  deviation  from  linearity  at  the  ends  of  the 
curves.  Looking  at  the  line  of  plotted  means  it  appears  clearly 
probable  that  one  could  fit  them  better  with  a  parabola  than  with  a 
straight  line.  In  these  cases  the  results  of  inspection  apparently  do 
not  confirm  the  conclusion  drawn  from  a  study  of  the  correlation 
ratio  (p.  205).  It  was 
there  concluded  that, 
since  the  value  of  j]  —  r 
was  no  greater  than  its 
probable  error,  these 
regressions  could  be 
considered  as  essen- 
tially linear.  The 
reason  for  this  dis- 
crepancy is  that  both 
Tj  and  r  are  calculated 
from  the  ordinates 
weighted  with  their 
frequency.  For  this 
reason  the  regression 
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Regression  of  egg  b  jlk  on  egg  breadth. 


lines  fit  the  middle  portions  of  the  curves  very  well  indeed.  Fur- 
ther, the  deviations  at  the  ends  are  not  great  in  magnitude,  and 
the  total  frequency  in  these  regions  is  very  small. 

If,  as  in  the  case  of  capacity  with  length,  the  points  where  the 
curves  begin  to  deviate  sensibly  from  the  fitted  line  are  examined, 
it  is  found  that  these  correspond,  taking  the  two  curves  together, 
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to  breadths  of  about  39.50  mm.  and  45  mm.  Referring  to  the 
frequency  distribution  for  breadth  (Table  1 ) ,  it  is  seen  that  427  out  of 
the  450  eggs  are 
included  be- 
tween these 
limits.  In  other 
words,  the  re- 
gression line  fits 
with  consider- 
able accuracy 
about  95  per 
cent  of  the  eggs. 
While  the  devi- 
ations at  either 
end  are  not  very 
great,  neverthe- 
less the  data 
from  the  pres- 
ent sample  of 
eggs  can  be 

Somewhat  more  FlG- 10-— Regression  of  egg  weight  on  egg  bulk. 

closely  described  by  a  parabola  than  by  a  straight  line,  as  will  be 
shown  later. 

The  standard  error  made  in  estimating  the  capacity  of  an  egg 

from  its  breadth  is  in 
the  case  of  the  weight 
2.5383  grams  and  in 
the  case  of  the  bulk 
2.1519  grams.  Thus 
the  average  estima- 
tion of  capacity  is 
more  than  1  gram 
closer  when  made 
from  the  breadth 
rather  than  from  the 
length  as  the  second 
variable. 

The  regressions  of 
weight  on  bulk  and 
of  bulk  on  weight 
may  next  be  consid- 
ered. The  equations 
to  these  regression 
lines   are  given  as 

Fig.  11— Regression  of  egg  bulk  on  egg  weight.  equations  (3)  and  (6) 

on  page  206.  Figures  10  and  11  show  the  graphs  of  these  equations 
along  with  the  plotted  means. 
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The  diagrams  afford  sufficient  proof  of  the  strict  linearity  of  these 
regressions,  without  further  demonstration.  It  would  clearly  be 
impossible  to  get  any  curve  which  would  estimate  weight  from  bulk 
or  bulk  from  weight  better  than  the  present  straight  lines.  Further, 
since  the  correlation  coefficient  between  these  two  characters  has 
such  a  high  value,  it  is  to  be  expected  that  the  absolute  estimation 
would  be  very  close  in  each  case.  Judging  from  the  above  diagrams, 
this  would  certainly  seem  to  be  the  case.  However,  it  must  be 
remembered  that  the  regression  line  might  fit  the  plotted  means  very 
closely,  and  yet  if  the  standard  deviations  of  the  characters  are  large 
the  standard  error  of  the  estimation  would  be  correspondingly  large. 
Here,  however,  this  is  not  the  case.  The  standard  error  of  equation 
(3)  is  0.9610,  and  for  equation  (6)  is  0.8344.  Taking  the  case  of  the 
weight  on  bulk  (equation  3)  we  note  that  the  error  of  0.96  gram  is 
only  about  1.7  per  cent  of  the  mean  egg  weight.  In  the  case  of  bulk 
on  weight  the  estimation  is  made  with  a  standard  error  of  less  than 
1.5  per  cent  of  the  mean  bulk. 

PARABOLIC  REGRESSION. 

CAPACITY-LENGTH  REGRESSIONS. 

It  has  been  shown  above  (pp.  205)  that  the  regressions  of  egg  weight 
and  bulk  on  length  are  nonlinear.  In  such  cases  the  problem  of 
obtaining  the  best  fitting  curve  for  the  graduation  of  the  observed 
regression  line  is  greatly  complicated.  In  his  previously  mentioned 
work  on  "Skew  Correlation  and  Non-Linear  Regression"  Pearson 
has  developed  the  theory  of  higher  types  of  regression.  He  classifies 
these  types  as  linear,  parabolic,  cubic,  and  quartic,  corresponding 
respectively  to  the  straight  line,  second,  third,  and  fourth  order 
parabolas.  As  a  first  approach  to  fitting  these  regression  curves  we 
have  used  Pearson's  parabolic  type. 

The  general  form  for  this  type  of  equation  is 

where  yxp  is  the  mean  of  an  z-array  of  y's. 

Evaluating  the  a's  in  terms  of  the  correlation  and  variation  con- 
stants and  subsequently  simplifying  the  equation,  Pearson  arrives  at 
the  following  expression  for  parabolic  regression: 

where  yxp  is  the  deviation  from  the  mean  of  the  y-arrays  correspond- 
ing to  the  given  deviation  from  the  ai-arrays,  viz,  xp;  )j  and  r  are  the 
correlation  ratio  and  correlation  coefficient  respectively  :  and  ax  and 
av  the  standard  deviations.    <j)2  =    —  ,9j  —  1 . 
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The  values  of  /?x  and  /?2  and  are  given  in  Table  5.  Except  in 
the  case  of  very  nearly  linear  regression  there  will  be  no  doubt  as  to 
the  sign  of  -^rf  —  r2. 

Inspection  will  tell  whether  the  parabola  is  concave  or  convex  to 
the  x  axis. 

Applying  this  formula  to  the  capacity-length  regressions,  we  get 
for  weight  on  length, 

yxp  =  1.2601xp  -  0.093  lxp2  +  0.5299 

and  for  bulk  on  length, 

yxp  =  1 . 1607rp  -  0.0952V  +  0.5420 

It  was  found  upon  trial  of  these  curves  that  the  fit  was  not  good. 
The  graduation  toward  the  upper  ends  of  the  curves  was  particularly 
bad.  Through  the  middle  and  over  a  portion  of  the  lower  end  the 
curves  represented  the  facts  fairly  well.  However,  at  the  lower  end 
of  the  curves  the  fit  was  again  bad.  It  is  unlikely  that  either  the 
weight  or  bulk  of  eggs  over  64  mm.  in  length  decreases  at  anything 
like  the  rate  shown  by  these  theoretical  curves.  It  is  to  be  remem- 
bered that  the  curves  under  discussion  are  second  order  parabolas 
fitted  to  the  weighted  means  of  the  arrays.  As  has  been  pointed  out 
in  the  case  of  the  simple  regression  lines  (p.  209),  the  frequencies  at 
the  two  ends  are  very  small.  The  curves  attempt  to  fit  the  heavily 
weighted  ordinates  at  the  middle  of  the  curve  and  let  the  ends  take 
care  of  themselves. 

It  is  of  course  possible  that  Pearson's  cubic  or  quartic  regression 
curves  might  graduate  these  data  more  satisfactorily.  However, 
because  of  the  very  considerable  probable  errors  connected  with  the  use 
of  the  higher  moments,  it  did  not  seem  worth  while  to  calculate  these 
equations.  Instead  the  attempt  has  been  made  to  graduate  the 
data  with  parabolas  using  the  unweighted  means. 

Such  parabolas  can  be  fitted  either  by  the  method  of  least  squares 
commonly  used  by  physicists,  or  by  Pearson's  1  method  of  moments. 
Where  a  series  of  parabolas  of  different  orders  are  to  be  fitted  to  the 
same  data  the  method  of  moments  offers  many  advantages.  This 
latter  method  has  been  used  in  the  present  instance. 

The  general  equation  to  these  parabolas  is 

V  =  «o  +  eix  +  e2x2  +  en-ix"-1 

where  e0,  et,  e2,  etc.,  are  constants  to  be  determined  from  the  data. 

Parabolas  of  the  first,  second,  third,  fourth,  fifth,  and  sixth  orders 
have  been  fitted  to  both  the  regression  of  weight  on  length  and  of 
bulk  on  length.    This  makes  12  parabolas  in  all. 


i  Pearson,  K.  On  the  Systematic  Fitting  of  Curves  to  Observation  and  Measurements.  Biometrika, 
Vol.  I,  p.  265,  and  Vol.  II,  p.  1, 1902  and  1903. 
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The  equations  to  the  parabolas  graduating  the  regression  of  weight 
on  length  are  as  follows: 
Straight  line — 

?/  =  56. 13670  +0.13280 
Second  order  parabola — 

;y  =  56.1367|l.O218  +  O.1328j-O.O6540Jj 
Third  order  parabola — 

t/  =  56.1367|l.O218  +  O.O724j-O.O6540J  +  O.lOO70yj 
Fourth  order  parabola — 
i/=56.1367|l.0256  +  0.07240 )  -  0. 10370  J  +  0.10070  J  -  0.04470)*} 

Fifth  order  parabola — 
y  =  56.1367|l.0256  +  0.1274|- 0.10370 j 

-  0.15620)*  +  O.O4470)4  +  0.23120)"} 

Sixth  order  parabola — 
7  =  56.1367|l  .0870  +  0.1274j  -  1 .39250)"  -  0. 1562('  |J 

+  3.91120J  +  O.23120)5-2.S3540)Cj 

In  these  equations  I  is  equal  to  one-half  the  range,  or  9  in  the 
present  instance,  while  x  is  the  distance  in  units  from  the  origin  of 
the  curve,  which  is  at  the  middle  of  the  range. 

The  equations  of  the  parabolas  fitted  to  the  regression  of  bulk  on 
length  are  as  follows : 

Straight  line — 

y  =  52.50440  +  0.128s|) 
Second  order  parabola — 

y  =  52.5044  1 .0203  +  0. 12880)  -  0.06 1O0J} 
Third  order  parabola — 

?/  =  52.5044{l.0203 +  0.07180)- O.O61O0J +  0.09260)"} 
Fourth  order  parabola — 
y-52.5044jl.0287  +0.07180)-  O.145O0J  +  0.09260)"  +  0.09800)'} 
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Fifth  order  parabola — 
y  =  52.5O44|l.O287  +  O.1169|-O.145O0J 

-  0.1 1140  J  +  0.09800 J  +  O.18360JJ 

Sixth  order  parabola — 
y  =  52.5044|l .0904  +  0. 1 1 69 j  + 1  -23050)  -0.11 140 J 

+ 13.53520  J  +  0.18360 J  + 11.73050 Jj 

Upon  plotting  out  these  curves  against  the  observations  it  was 
found  that  results  which  must  be  considered  on  the  whole  as  excel- 
lent were  obtained 
with  certain  of  the 
higher  order  para- 
bolas. Others  gave 
bad  results  owing 
to  having  too  many 
points  of  inflection. 
In  these  cases  while 
the  curve  came 
close  to  the  individ- 
u  a  1  observations 
the  result  could  not 
be  considered  a  real 
graduation.  On 
the  whole  the  third, 
fourth,  and  fifth 
order  parabolas 
gave  the  best  results.  Accordingly  these  have  been  chosen  for  graphi- 
cal representation  in  figures  12  and  13. 


V 



V 

0 

l 

Fig.  12. — Regression  of  egg  weight  on  egg  length.  The  zigzag  line  gives 

the  observations;   third  order  parabola;  fourth  order 

parabola;  fifth  order  parabola. 


CAPACITY-BREADTH  REGRESSION. 

As  has  been  pointed  out  in  a  previous  section  (cf.  p.  208),  the 
regressions  of  weight  on  breadth  and  of  bulk  on  breadth  are  fitted 
fairly  well  by  the  ordinary  regression  line.  According  to  the  test 
for  linearity  these  regressions  do  not  deviate  sensibly  from  the 
straight  line.  However,  inspection  of  the  actual  observations 
shows  that  toward  the  ends  there  is  a  marked  tendency  for  the 
regression  line  to  turn  downward.  It  must  be  remembered  here 
again  that  both  in  the  test  for  linearity  and  in  the  actual  fitting  of 
the  ordinary  regression  line  weighted  lines  are  used.  Since  in  these 
cases  the  weight  is  mostly  toward  the  middle  of  the  curve,  the 
33294°— 14  i 
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points  toward  the  end  have  little  influence.  Owing  to  the  constancy 
of  these  deviations  in  the  same  direction,  however,  it  seemed  possible 

that  they  possess  some 
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Fig.  13. — Regression  of  egg  bulk  on  egg  length.  Significance  of 
lines  as  in  figure  12. 


real  significance,  even 
though  the  test  for  line- 
arity used  failed  to  attrib- 
ute an}'  to  them. 

For  these  reasons  it 
was  decided  to  at  t  empt  to 
fit  the  unweighted  ordi- 
nates  with  parabolas.  In 
these  calculations  the 
method  of  least  squares 
was  used.  Both  the 
straight  line  and  the 
second  order  parabola 
have  been  determined. 
It  is  to  be  remembered 
that  these  are  fitted  to 
the  unweighted  ordinates. 


The  equations  to  these  lines  are  as  follows: 
Regression  of  weight  on  breadth: 
Straight  line — 

Wt.  =  2.793  Br.- 61.345 

Second  order  parabola — 

111  =  0.111  (7?r.)2-6.620  Br.  + 136.8.15 

Regression  of  bulk  on  breadth: 
Straight  line — 

BIk.  =  2.692  Br.- 60.558 

Second  order  parabola — 

BTk.  =  0.043  (Br.)2- 2.347  Br.  +  31.598 

The  observations  and  fitted  lines  are  shown  in  figure. 
It  is  evident  from  the  diagrams  that  the  graduations  here  are 
excellent,  particularly  those  given  by  the  parabolas. 

MULTIPLE  REGRESSION. 

In  the  preceding  section  we  have  discussed  the  methods  of  esti- 
mating the  probable  magnitude  of  one  character  of  an  egg  from  a 
knowledge  of  the  actual  magnitude  of  another  character.  More 
satisfactory  results  can  sometimes  be  obtained  by  using  two  or 
more  characters  from  which  to  reach  an  estimation  of  the  probable 
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value  of  another.  In  taking  up  this  phase  of  the  subject  we  shall 
deal  first  with  ordinary  multiple  regression,  which  assumes  that  all 
the  simple  regressions  involved  are  linear.    After  that  will  be  dis- 


cussed parabolic  multiple  regression  equations  as  applied  to  certain 
characters  of  the  egg.  No  regressions  involving  more  than  three 
characters  are  discussed. 
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MULTIPLE  LINEAR  REGRESSION. 

It  has  been  shown  by  Yule 1  and  others  that  the  regression  of  x1 
on  x2  and  x3  may  be  represented  by 

=  ^V2^2  ^13^3 

where  the  coefficients  h12  and  hl3  have  the  following  values : 

1   ri2       ^13^23  a\ 

"12         1  _.r 

1        1  23  °2, 

J     =  ^13  ~  ^12^23  _  1x 
"  1-'233  "ffS 

In  these  equations  r12,  ?'13,  and  r23  are  the  coefficients  of  correla- 
tion for  the  characters  xv  x2,  and  x3,  and  Ci,  f2  an(^  £"3  the  standard  devia- 
tions. 

Further,  the  standard  error  of  such  a  regression  equation  is  given  by 
where 


+  r1o  ~r.^r.jr. 


12'  13'  23 


1  —  r  2 

1  '23 


These  equations  have  been  used  to  determine  the  regression  of 
weight  and  bulk  on  certain  other  characters.  The  following  five 
regression  equations  have  been  deemed  of  sufficient  importance  to 
work  out  in  detail.  In  a  later  section  these  equations,  along  with 
others,  are  tested  as  to  their  efficiency  in  estimating  the  several 
characters. 


Wt. 

=  0.994X2. 

+  2.660-Br.  - 

112.217; 

I 

=  0.924 

Wt. 

=  0.046ii. 

+  1.056BZL- 

2.081; 

I 

=  0.907 

Wt. 

=  1.098.5$. 

-0.098.Br.  + 

2.416; 

I 

=  0.909 

Bllc. 

=  0.018L*. 

+  0.893  Wt.  + 

1.534; 

V 

=  0.652 

Blh. 

=  0Al6Br. 

+  0.794  Wt.  - 

9.463; 

I 

=  0.773 

In  these  equations  Wt.  denotes  weight  in  grams;  Elk.  =bulk  in 
cubic  centimeters;  Lt.  =  length  in  millimeters:  and  Br.  =  breadth  in 
millimeters. 

Considering  the  probable  errors  of  these  equations,  as  shown  by  I, 
it  is  clear  that  there  is  little  choice  between  the  three  equations  esti- 
mating weight  in  respect  to  the  accuracy  of  the  prediction.  The 
equations  in  which  the  bulk  is  used  as  one  factor  have  a  slightly 
smaller  error.  In  any  case  the  error  is  about  nine-tenths  of  a  gram. 
This  is  roughly  an  error  of  2  per  cent  in  estimating  the  weight  of  an 


egg  from  dimensional  characters. 


1  Loc.  cit. 
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In  the  case  of  the  bulk  the  error  is  smaller  when  the  length  and 
weight  are  used  as  the  basis  of  the  prediction  than  when  the  breadth 
and  weight  are  taken.  In  the  former  case  the  error  is  about  0.65  of 
a  cubic  centimeter,  and  in  the  latter  about  0.77  of  a  cubic  centimeter. 

MULTIPLE  PARABOLIC  REGRESSION. 

In  the  preceding  section  multiple  regression  equations  have  been 
determined  on  the  assumption  that  the  regression  was  linear  for  each 
character.  We  know,  however,  from  previous  determinations  (cf. 
p.  205)  that  at  least  the  regressions  which  involve  the  length  of 
the  egg  as  one  factor  are  certainly  not  linear  but  parabolic.  The 
same  is  probably  true,  though  to  a  less  marked  degree,  of  the  regres- 
sions involving  the  breadth  of  the  egg.  It  is  thus  clear  that  the 
actual  regression  surface,  in  the  case  of  multiple  regression,  is  not  a 
plane  but  rather  a  curved  surface,  either  convex  or  concave,  as  the 
case  may  be.  If  an  equation  could  be  determined  which  would  take 
account  of  this  curvature  of  the  regression  surface,  the  prediction, 
especially  near  the  bounding  edges  of  the  surface,  should  be  much 
more  satisfactory.  The  general  theory  of  multiple  nonlinear  regres- 
sion has  not  been  developed  mathematically.  Hence  it  was  neces- 
sary in  dealing  with  the  matter  to  start  de  novo. 

It  was  decided  first  to  test  a  paraboloid  surface,  generated  by 
moving  one  parabola  in  such  a  way  that  its  vertex  was  always  on 
another  parabola  whose  axis  was  parallel  to  the  axis  of  the  first,  the 
vertical  planes  of  the  two  parabolas  being  at  right  angles  to  each  other. 

The  general  equation  for  such  a  paraboloid  surface  is 

Z  =  a+T  +  y  +  K  +  y2 
b    c     a  e 

where  a,  b,  e  are  constants  to  be  determined  from  the  data. 

The  signs  of  the  constants  determine  whether  the  surface  is  concave 
or  convex. 

On  account  of  the  considerable  amount  of  calculation  involved  in 
the  determination  of  the  constants  of  such  an  equation,  it  was  decided 
to  try  first  of  all  an  abbreviated  form  by  dropping  out  the  x  and  y 
terms,  thus: 


It  was  found,  however,  that  this  equation  did  not  give  a  satisfactory 
graduation,  and  the  complete  form  was  subsequently  calculated. 

Also  on  account  of  the  labor  involved  in  the  calculations  only  one 
regression  surface  has  been  fitted.  This  is  for  the  regression  of  weight 
on  length  and  breadth.    This  regression  is  by  far  the  most  important 
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one  for  practical  purposes.  If  a  reasonably  close  graduation  of  the 
data  could  be  determined,  such  an  equation  would  permit  one  to  ascer- 
tain the  approximate  weight  of  blown  eggs  (e.  g.,  museum  specimens) 
and  also  the  approximate  fresh  weight  of  eggs  which  had  been  stored 
for  various  lengths  of  time. 

The  data  used  for  this  determination,  as  for  the  other  regression 
equations,  were  those  of  series  A.  Since  the  observations  were  some- 
what scattered  near  the  ends  of  the  range,  it  was  necessary  to  group 
the  data  in  somewhat  larger  classes  than  those  used  for  the  other 
equations.  As  may  be  seen  from  a  study  of  Tables  20  and  21,  the 
length  unit  chosen  was  1^  millimeters.  With  the  indicated  units, 
distributions  of  the  weights  of  the  eggs  falling  in  each  length-breadth 
compartment  were  then  made.  The  mean  weight  of  the  eggs  falling 
in  each  compartment  was  taken  as  the  observed  weight  for  eggs  of 
the  indicated  length  and  breadth.  These  observed  weights  are  given 
in  the  tables  in  heavy-faced  type,  wlule  the  theoretical  weights  deter- 
mined from  the  equations  are  given  in  light-faced  type. 

It  may  be  observed  here  that  the  regression  surface  could  be 
represented  by  erecting  perpendicular  ordinates  from  the  center  of 
each  compartment,  with  the  height  of  each  ordinate  proportional 
to  the  weight  of  the  eggs  in  the  class.  A  surface  connecting  the 
tops  of  these  ordinates  is  the  observed  regression  surface  showing 
the  relation  of  egg  weight  to  length  and  breadth. 

As  stated  above,  the  first  attempt  to  graduate  this  paraboloid 
surface  was  made  with  the  abbreviated  general  equation: 

b  c 

For  convenience  *  and  I  may  be  represented  by  <j  and  r,  and  the 
equation  becomes 

Z  =  a  +  qx2  +  ry2 

where  z  =  weight,  x  =  length,  and  y  =  breadth.    The  constants  of  this 
equation  were  evaluated  by  the  method  of  least  squares. 
The  equation  arrived  at  by  this  means  was  as  follows: 

111  =  0.00833  {Lt.)2  +  0.01987  {Br.)2- 6.1270 

From  tliis  equation  the  theoretical  weights  of  eggs  having  the 
mean  length  and  breadth  of  each  class  in  Table  20  were  calculated. 
These  results  are  shown  in  the  table  in  light-faced  type. 
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Table  20. — Showing  the  observed  (bold-faced  figures)  and  calculated  (light-faced  figures) 
mean  egg  iveights  associated  with  particular  length  and  breadth  dimensions. 


Egg  breadth,  in  millimeters. 


3S.  00-  138.  75-  [39. 50-  40.25-  41.00-  41.75-  42.50-  43.25- 
38.74    39.49    40.24    40.99    41.74    42.49    43.24  43.99 


44.00-  44.75-  45.50-  46.25- 
44.74    45.49    46.24  46.99 


19.0-50.4 

50. 5-51. 9 

52.0-53.4 

53. 5-54. 9 

55.0-56.4 

56.5-57.9 

58.0-59.4 

59.5-60.9 

61.0-62.4 

62.5-63.9 

64.0-65.4 
65. 5-66. 9 
1  07.0-68.4 


43 

75 

42 

98 

45 

02 

46 

32 

45 

65 

17 

65 

47 

13 

149 

03 

50 

44 

51 

89 

53 

38 

54 

90 

56 

46 

58 

06 

50 

70 

01 

37 

44.91 

•46. 17 
'47.94 
.47. 47 
46. 01 
48.81 
48.98 
50.18 
'49. 73 
,51.59 
150.  08 
153. 04 
150. 45 
154. 53 
156.  06 
;56.06 

57.62 

155.94 

1.59. 22 
60.85 


47.37 
46.84 

48.65 
49.01 
49.98 
43.56 
51.36 
50.49 
52.77 
52.61 
54.22 
62. 64 
55.71 
}57.23 
(54. 59 
\58.  79 

}60.39 
62.03 


43. 66 
l47. 29 
'47. 71 
48.55 
'48. 61 
49.85 
49.76 
51.18 
51. 44 
52. 56 
52. 79 
53. 97 
54.90 
55. 42 
55.71 
56.91 
157.06 
\5S.43 
57.36 
59.99 

61.59 

63.23 


62.53    63.71  64.91 


J-48.51 

}49.77 
50.44 
51.07 
52.25 
52.41 
53. 25 
53.78 
54.67 
55.19 
55. 50 
56.64 
57.90 
58.13 
60.52 
59.65 

161.22 

62.82 
64.45 
66.13 


49.75 
153. 14 
151.01 
52.29 
52.31 
63.80 
53.65 
55.32 
55.02 
56.36 
56.44 
58.43 
57.89 
59.41 
59.37 
■60.90 

62.46 

64.06 

65.70 
(66. 54 
167. 37 


51.02  52.31 


53.62 

52.28 
53. 55 
53.58 
55.43 
54. 92 
57. 19 
56.29 
58. 56 
57.70 
61.03 
59.15 
62.20 
60.64 

62.17 

(64.62 
163.73 

65.33 

66.96 

■68.64 


54.26 
53.57 
56.92 
54. 87 
57.52 
56. 71 
59. 48 
57. 58 
60.42 
58.  99 
62. 15 
60.44 

}oi. 93 

(67.53 

\63.45 
69.47 

65.02 

66.62 
68.25 
69.93 


53.62 
>54.S8 

>56. 18 

57.39 
57. 52 
61.04 
58.  S9 
61.45 
60. 30 
65.80 
61.75 
165.07 
163.24 

1-64.77 

j-66.33 

67.93 
69.56 
71.24 


54.95 
56. 21 
57.51 

>58.85 

62.67 

60.23 
65.72 
61.64 
68.  03 
63.09 
67.82 
64.57 
66.10 

67.66 

69.26 
70.90 
72. 57 


From  this  table  wo  note  the  following  points : 

1.  If  the  observed  and  calculated  weights  for  classes  falling  near 
the  center  of  the  table  are  compared,  they  clearly  agree  very  closely. 
In  a  few  cases  the  difference  reaches  as  much  as  1  gram,  but  these 
differences  balance  each  other.  The  general  effect,  then,  is  to  smooth 
out  the  irregularities  of  the  observations,  and  for  the  center  of  the 
table  the  graduation  must  be  regarded  as  excellent. 

2.  However,  a  good  fit  for  the  center  of  the  table  was  obtained 
from  the  multiple  linear  equations.  It  is  at  the  ends  and  sides  of 
the  table  that  the  real  test  comes.  We  may  compare  first  the  col- 
umns of  the  table.  In  the  first  column  on  the  left  side  there  are 
three  observations.  In  each  of  these  cases  the  observed  weight  is 
less  than  the  calculated  by  approximately  2  grams.  In  the  second 
column  on  this  side  there  arc  eight  observations,  and  here,  with  the 
exception  of  two  cases,  the  observed  weights  are  markedly  less  than 
the  calculated.  The  same  is  true  to  a  somewhat  less  degree  of  the 
third  column. 

3.  Passing  to  the  right  side  of  the  table,  it  will  be  seen  that  here 
the  observed  weights  are  significantly  larger  than  the  calculated. 
Thus,  in  the  third  column  from  the  right  there  are  four  observations 
in  which  the  observed  weight  exceeds  the  calculated  by  from  2.4 
grams  to  nearly  5  grams. 
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4.  At  the  top  and  bottom  of  the  table  it  is  also  seen  that  there 
is  considerable  discrepancy  between  the  observed  and  calculated 
weights. 

5.  There  is,  then,  a  marked  tendency  for  the  calculated  weights  to 
overestimate  the  observed  weight  in  the  case  of  narrow  eggs  and  to 
underestimate  it  in  the  case  of  broad  eggs.  There  is  also  a  slight 
tendency  to  underestimate  the  weights  of  both  very  long  and  very 
short  eggs.  The  observations  at  the  top  and  bottom  of  the  table, 
however,  are  too  few  and  based  on  too  small  a  number  of  eggs  to 
make  tliis  point  entirely  certain. 

The  constants  to  this  equation  were  calculated  twice  independently, 
and  there  do  not  appear  to  be  any  significant  arithmetical  errors  to 
explain  the  discrepancies. 

In  view  of  the  unsatisfactory  graduation  obtained  with  this  equa- 
tion it  was  decided  to  employ  more  constants.  Accordingly,  the 
complete  general  equation  for  this  type  of  surface  was  used,  viz : 

oca  e 

This  was  also  evaluated  by  the  method  of  least  squares.  The  solu- 
tion of  this  equation  involved  a  considerable  amount  of  arithmetical 
work. 

The  final  equation,  stated  in  terms  of  the  egg  characters,  was: 
Wt.  =  0.0198LL  - 0.04265r.  +0.0172 (Lt.)2  +  0.0322 (Br.)2  -  56.(3665. 

The  results  obtained  with  this  equation,  while  better  than  in  any 
of  the  previous  cases,  were  still  not  entirely  satisfactoiy.  Since  con- 
siderable time  had  already  been  spent  in  calculating  these  equations, 
it  was  decided  to  try  to  modify  the  present  formula  empirically  rather 
than  to  make  a  new  assumption  and  calculate  another  equation. 
This  method  of  procedure  has  a  precedent  in  much  of  the  curve 
fitting  that  is  regularly  done,  e.  g.,  in  the  usual  way  of  dealing 
with  certain  logarithmic  curves. 

The  method  followed  was  to  take  the  equation  given  above  as  a 
basis  and  then  to  modify  its  constants  by  small  amounts  so  as  to 
produce  the  desired  effect,  which  was  tested  by  interpolation.  After 
a  number  of  attempts,  the  following  equation  was  reached: 

Wt.  =  1.0513ii!.  -  0.0426£r.  -  0.00059  (Lt.)2  +  0.0322  (Br.)2  -  56.6665. 

The  theoretical  weights  for  the  various  classes  were  calculated  from 
this  eqiiation,  with  the  results  shown  in  Table  21. 
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Table  21. — Showing  the  observed  (bold-faced  figures)  and  calculated  (light-faced  figures) 
mean  egg  weights  associated  with  particular  length  and  breadth  dimensions. 


Breadth,  in  millimeters. 


3S.00- 

38.74 

39 

88 

42 

98 

1.41 

37 

42 

85 

45 

65 

I'M 

34 

47 

13 

145. 

82 

47 

29 

48 

76 

50 

24 

51 

84 

53 

17 

54 

63 

56 

09 

57 

55 

3S.75- 
39.49 


39.50-  40.25- 
40.  24    40.  99 


41.00- 
41.74 


41.75- 
42.49 


42.50- 
43.24 


43.  25- 
43.99 


44.00- 
44.  74 


44.75- 
45.49 


45. 50- 
46.24 

46.25- 
46.99 

59.88 

62.08 

61.37 

63. 57 

62.85 

65.05 

64.33 

66.53 

165.81 
J 

J-67. 29 

67. 54 

68.76 

68.01 
/  68.  48 

\  69.49 
|  70.96 

}70. 23 

72.43 

71.84 

74.04 

73.17 

75.37 

74.63 

76.83 

76.09 

78.29 

77.55 

79.75 

49.0-50.4 

50.5-51.9 

52.0-53.4 

53.5-54.9 

55. 0-56. 4 

56.5-57.9 

58.0-59.4 

59.5-60.9 

61.0-62.4 

62.5-63.9 

64.0-65.4 
65.5-66.9 
67.0-68.4 


j-43. 21 

/47.94 

1.44. 69 
46.  01 
46.  17 
48.98 
47.65 
/49.  73 
\49. 13 
150.  08 
\50.  60 
150.  45 
\52. 07 
156.06 
\53.68 

55.01 

(55.94 

\56. 47 
57.93 

59. 40 


45.08 
46.84 
46.  57 
49.01 
48.05 
49.  56 
49.  53 
50.49 
51.00 
52.61 
52. 48 
52. 64 
53.95 

>55. 56 

'54. 59 

;56.88 

>58.34 
59.80 
61.26 


143. 66 

\45.  50 
147.  71 
\46.  99 
48.61 
48.47 
49. 76 
49.96 
51.44 
51.47 
52.79 
52.  91 
54.90 
54.38 
55.  71 
55.85 
(57.  06 
\57. 46 
57.36 
58.79 

60.25 

61.71 

63. 17 


■48.93 

50.44 

50.42 
52.  25 
51.90 
53.25 
53. 38 
54.67 
54. 83 
55.  50 
56. 33 
57. 90 
57. 80 
60.52 
59.41 

i  J-60.  73 

62.20 
63.66 
65.11 


49.43 

53. 14 

50.92 
'52. 29 
52.  40 
53.80 
53.88 
55.  32 
55. 36 
56. 36 
50.84 
58.43 
58.31 
59.41 
59.78 

•61.39 
62.72 

64.18 

65.64 
166. 54 
,67. 10 


51.35 
53. 62 

52.  93 

53.  55 
54.42 
55.  43 
55. 90 
57. 19 
57.38 
58.56 
58.  86 
61.03 
60. 33 
62.20 
61.  SO 

63.41 

/64.  62 

\64.73 

66.20 
67.66 
69. 11 


53.50 

54.26 

54.99 
56.  92 
56.47 
57.52 
57.95 
59. 48 

59.  44 

60.  42 
60.91 
62. 15 
62.38 

}63.85 

(67.53 

\65. 46 
69.47 
66.79 

68.25 

69.71 

71.17 


|58.56 

57.39 

60. 04 
61.04 
61.52 
61.45 
63.00 
65.80 
64.47 
(65.  07 
\65.94 

W.55 

}68.88 

70.34 
71.80 
73. 26 


57. 72 
59.20 
60.69 

•62. 17 

62.67 

63.  65 
65.  72 
65.13 
68.03 
66.60 
67.  82 
68.07 

69.68 

71.00 

72.47 
73.93 
75.38 


A  study  of  the  observed  and  calculated  weights  in  this  table  shows 
that  the  graduation  is  much  better  than  in  the  other  cases. 

While  there  are  still  some  discrepancies,  it  will  be  seen  that  these 
are  evenly  distributed  over  the  table.  The  plus  and  minus  devia- 
tions practically  offset  each  other.  As  a  matter  of  fact  the  sum  of 
the  deviations  in  which  the  calculated  weight  exceeds  the  observed 
gives  a  total  of  28.086  grams,  while  for  cases  in  which  the  observed 
weight  exceeds  the  calculated  the  sum  is  27.368  grams.  Thus  the 
total  deviation  in  both  directions  for  the  70  observed  classes  is  55.454 
grams,  giving  a  mean  deviation  of  0.792  gram. 

It  is  further  seen  that  in  relatively  few  instances  do  the  calculated 
and  observed  weights  differ  by  more  than  about  1  gram.  Greater 
deviations  are  nearly  always  in  classes  where  only  a  single  egg  has 
furnished  the  "observed"  record.  Thus  the  largest  single  deviation 
for  any  class  is  found  in  the  second  column  and  the  third  row.  Here 
the  observed  weight  exceeds  the  calculated  by  3.249  grams.  This 
observation  is  based  upon  the  weight  of  a  single  egg.  Comparing  its 
observed  weight  with  those  which  arc  near  it  in  the  other  classes,  it 
is  clear  that  it  is  larger  than  it  should  be. 

In  five  other  cases  the  differences  between  the  observed  and  calcu- 
lated weights  reach  2  grams.  In  four  of  these  cases  the  observed 
data  are  from  single  eggs,  while  in  the  other  case  the  observation  is 
based  on  two  eggs,  in  one  of  which  the  observed  weight  is  consider- 
ably too  high,  as  shown  by  other  eggs  in  near-by  columns. 


222     A  STUDY  OF  EGG  PRODUCTION  IN  THE  DOMESTIC  FOWL. 


Since  the  preceding  discussion  of  regression  lias  been  rather  ex- 
tended, it  seems  desirable  to  collect  together  here  in  one  place  the 
various  regression  formulae.  This  will  then  bo  followed  by  a  discus- 
sion of  tests  of  some  of  these  various  formulae  on  random  samples 
of  eggs. 

Table  of  regression  equations. 

(1)  Wt.  =1.1229  Lt.  -  7.9792.    (See  p.  207.) 

(2)  Wt.  =2.8035  Br.  -62.2483.    (See  p.  208.) 

(3)  Wt.  =1.0704  Bll.-  0.2681.    (See  p.  209.) 

(4)  Sft.=1.0203  Lt.  -  5.5879.    (See  p.  207.) 

(5)  £tt.=2.6431  Br.  -58.9081.    (See  p.  208.) 

(6)  £^-.=0.8979  Wt.  +  2.25G3.    (See  p.  209.) 

(7)  Wt.  =0.9944  Lt.  +  3.6595  Br.  -112.2168.    (See  p.  216.) 

(8)  Wt.  =0.0459  Lt.  +  1. 0555  Bll.-    2.0809.    (See  p.  216.) 

(9)  Wt.  =1.0978  Bll.-  0.0980  Br.  +    2.4157.    (See  p.  216.) 

(10)  5tt.=0.0182  Lt.  +  0.8925  Wt.  +    1.5335.    (See  p.  216.) 

(11)  Blk.=0AW3  Br.  +  0.7942  Wt.  -    9.4630.    (See  p.  216.) 

WEIGHT  ON  LENGTH. 

(12)  j/xp=1.2601^  -0.093a;/+0.5299.    (See  p.  211.) 

BULK  ON  LENGTH. 

(13)  i/2.p=1.1607^-0.0952.E/+0.5420.    (See  p.  211.) 

WEIGHT  ON  LENGTH — PARABOLAS  (METHOD  OF  MOMENTS). 

'(14)  i/=56.1367{l +0.13280)}.  (See p.  212.) 

(15)  »/=56.1367{l.0218+0. 13280) -O.O6540)2}.  (Seep. 212.) 

(16)  i/=56. 1367-jl. 0218+0.07240-)  -0.0654 0)2+O.lOO70Y}.  (See p.  212.) 

(17)  y=5Q.  1367 jl .0256+0.07240)  -0.1037 0) 2+0.1007 0) 3+0.0447 (y)*}- 

(See  p.  212.) 

(18)  2/=56.1367{l .0256+0.12740) -O.lO370y-O.15620Y+O.O4470y 

+O.23120^5}.  (Seep. 212.) 

(19)  2/=56.1367{l.O87O+O.12740)-1.39250y-O.15620Y+3.91]20y 

+0.23120-)  -2.83510-)6}.  (Seep. 212.) 

BULK  ON  LENGTH — PARABOLAS  (METHOD  OP  MOMENTS). 

(20)  t/=52.5O44{l+O.12880)}.  (See p.  212.) 

(21)  2/=52.5044{l .0203+0.12880-) -0.06100) (Seep. 212.) 

(22)  y=52.5044{l .0203+0.07180)  -O.OC1O0)2+O.O9260)3}.   (See  p.  212.) 
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+1.23051  ,  )  -0.11141  ^-)  +13.5352 


(t)' 


•'•(  "(  )"}•  (See  p.  213.) 


WEIGHT  ON  BREADTH — PARABOLAS  (METHOD  OF  LEAST  SQUARES). 

(26)  Wt.=2.m  Br. -01.345.    (See  p.  214.) 

(27)  TT<.=0.111  (Br.)2-G.620  £r.+136.855.    (See  p.  214.) 


A  test  of  certain  of  the  regression  equations  was  made  on  a  random 
sample  of  20  eggs  from  Series  A.  Starting  with  egg  No.  1,  every 
fifteenth  egg  which  had  been  used  in  the  original  data  was  selected 
until  20  were  obtained.  The  theoretical  weight  of  each  of  these  20 
eggs  was  calculated  by  selected  equations  and  the  difference  between 
this  and  the  actual  weight  of  the  egg  was  found  in  each  case.  The 
mean  deviation  regardless  of  sign  was  taken  as  the  measure  of  accu- 
racy of  the  estimation. 

Only  the  equations  for  estimating  the  weight  have  been  used  in 
this  test,  and  in  the  case  of  the  parabolas  only  those  which  have  been 
shown  to  give  the  best  fits. 

In  Table  22  the  actual  weight  of  the  eggs  used  is  given  in  the 
second  column.  In  each  succeeding  column  there  is  given  the  dif- 
ference between  the  observed  and  calculated  weights.  Appropriate 
signs  indicate  the  direction  of  the  deviation  in  each  case.  Thus  when 
the  calculated  weight  is  larger  than  the  observed,  the  sign  is  +  and 
when  smaller  the  sign  is  —  .  The  numbers  at  the  tops  of  the  columns 
refer  to  the  equation  numbers  as  given  on  pages  222-223.  The  total 
and  mean  deviations  are  given  at  the  bottoms  of  the  columns.  The 
column  of  the  observed  weights  shows  whether  the  egg  was  excep- 
tionally heavy  or  light  as  compared  with  the  mean  weight  of  eggs  of 
this  series  as  given  in  Table  2. 


BULK  ON  BREADTH. 


(28)  #a.=2.692  Br. -60.558.    (See  p.  214.) 

(29)  B».=0.043  (£r.)2-2.347  j5r.+31.598.    (See  p.  214.) 


WEIGHT  ON  LENGTH  AND  BREADTH. 


(30)  TR-0.0083  (Z«.)2+0.0199  (Br\)2-6.1270.    (See  p.  218.) 

(31)  Tf<.=0.0198  It. -0.0126  j5r.+0.0172  (Z?.)2+0.0322  (Br.)2-56.6665. 

(32)  IT7.=1.0513  Lt. -0.0426  Br. -0.00059  (7X)2+0.0322  (JSr.)2-56.6665. 


TESTS  OF  REGRESSION  EQUATIONS. 
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Table  22. — Shoiving  the  results  given  by  different  regression  equations  on  a  random 

sample  of  eggs. 
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Difference  between  observed  weight  and  the  weight  calculated  by  equation  No.  - 


XJfe&  XNO. 

<j>'3 

a  £ 
O 

1 

2 

3 

8 

9 

12 

14 

15 

20 

27 

30 

32 

Qms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gnu. 

Gms. 

Gms. 

Gms. 

Gms. 

56.88 

-  0.50 

-0.90 

+1.72 

+1.77 

+  1.81 

+1.78 

+  1.71 

+  0.96 

+  0.74 

-0.50 

-1. 15 

+  1.39 

+1.S3 

2  

52. 96 

-  1.19 

+2.68 

-  .51 

-  .49 

—  .6- 

—  .60 

-  1.9S 

-  1.25 

-  .40 

+3.09 

+2.44 

-  .40 

-  .37 

57.13 

+  .76 

-4.29 

-  .34 

—1.81 

-2.63 

+  1.10 

+  .30 

+  .30 

-3.82 

-4. 31 

-1. 11 

-1.74 

4  

51. 07 

+  3.09 

+  .22 

-  .46 

-  Ai 

-  .44  +  3.40 

+  3.22 

+  4.17 

+  .70 

+  .39 

+  .90 

-  .37 

5  

53. 15 

+  2. 19 

+1.98 

+1.14 

+1.I8+1.1: 

+1.12 

+  1.55 

+  1.32 

+  2.24 

+2.45 

+1.81 

+1.21 

+1.28 

g 

56. 74 

—  1.  40 

—  .  26 

— 1. 26 

-1. 14 

-1.24 

-1.24 

-  2.04 

—  1.35 

+  .20 

—  .  45 

-1.57 

-1.03 

1.'.'.'.'.'.'.'.'. 

;9. 88 

-  2.31 

-2.08 

-  .17 

—  .16 

-  .14 

-  1.89 

-  2. 41 

-  2.46 

-1.63 

—2.24 

-1.20 

-  .08 

8  

69.47 

-6.64 

-7.64 

—  .50 

-1.27 

-  .39 

-  9.41 

-  9.32 

-10. 31 

-7.20 

-7.40 

-3.55 

-1.11 

9  

61.70 

-  3.23 

-4.29 

— 1.  .35 

-1.56 

-1.49 

-l!51 

—  3.06 

-3.80 

-  4.05 

-3.84 

-4.47 

-2.46 

-1.49 

6.3. 80 

-  7.74 

-3.49 

-  .93 

-1.37 

-1.01 

-  .99 

-  7.44 

-  8.19 

-  8.30 

-3.05 

-3. 17 

-3.90 

-1.12 

11  

69. 51 

-11. 05 

-4.96 

-1.81 

-2.51 

-1.85 

-1.82 

-10.95 

-11.55 

-11.  S3 

-4. 53 

-4. 19 

-5.74 

-2.12 

12  

59.83 

-  .19 

-5.42 

-1.74 

-1. 55 

-  .60 

-1.64 

-  .49 

-  1.24 

—  1.82 

-4.96 

—5. 56 

-1.44 

-1.54 

13  

50. 11 

+  4. 15 

+  .90 

—  .  5(: 

-  .74 

-  .57 

-  .56 

+  2.9" 

+  3.14 

+  4.15 

+1.38 

+1.11 

+  .89 

-  .54 

14  

52.81 

-  .79 

+2.88 

+  .96 

-  .01 

-  .14 

-  .12 

-  1.43 

-  .81 

-  2.09 

+3.35 

+2. 70 

+  .01+  .11 

15  

52. 31 

+  3.85 

-  .18 

+  .72 

+  .78 

+  .78 

+  .77 

+  4.43 

4.79 

+  4.32 

+  .30 

-  .12 

+1.82+  .92 

16  

49.63 

+  2.80 

+2.00 

-  .15 

-  .32 

-  .18 

-  .17 

+  2.57 

4.70 

+  3  80 

+2. 4S 

+2. 12 

+1.14 

-  .14 

17  

54.84 

+  1.71 

-1.05 

+  .05 

+  .17 

+  .11  +  .09 

+  2.28 

+  2.37 

+  2. 00 

—  .5S 

-1.15 

+  .58!+  .26 

18  

54.96 

-  .31 

+  .94 

+  .24 

+  .31 

+  .21 

+  -21 

+  1.92 

-  .19 

+  .69 

+1. 4C 

-1.91 

+  .08 

+  .41 

19  

54.08 

-  .29 

+1.05 

-  .28 

-  .24 

-  .32 

-  .11 

-  .16 

+  .83 

+1.52 

+  .88 

-  .17 

-  .14 

20  

43.66 

+  4.25 

+7.58 

+1.85 

+1.27 

+L69 

+1.74 

-  .15 

+  2.97 

+  1.00 

+8.06 

+7.75 

+3.40 

+1.48 

Totals  

5S.44 

54. 8.5 

16.94 

19. 23 

14.96 

18. 29 

60.90 

65.02 

66.  85 

.55.04 

5.5. 32 

32.96 

18.08 

Means  

2. 92 

2.74 

.85 

.96 

.75 

.91 

3.05 

3.25 

3.34 

1.65 

.90 

From  this  table  it  is  seen  that  five  of  the  equations  tested  give  an 
average  error  of  less  than  1  gram  in  the  prediction  of  the  weight  of 
these  20  eggs.  This  means  an  error  of  about  2  per  cent.  It  would 
appear  that  this  is  probably  about  as  close  as  it  is  possible  to  approx- 
imate to  the  weight  of  an  egg  by  means  of  regression  equations  based 
on  linear  dimensions. 

Comparing  the  different  equations  it  is  seen  that  the  best  result 
on  the  20  eggs  taken  for  the  test  is  given  by  equation  No.  8,  which  is 
the  multiple  linear  regression  equation  for  weight  on  length  and  bulk. 
The  computed  bulk,  of  course,  involves  the  breadth,  of  the  egg.  It 
has  been  shown  earlier  in  this  bulletin  that  the  bulk  calculated  by  the 
formula  here  used  gives  a  close  approximation  to  the  true  volume. 
So  virtually  equation  8  is  for  the  regression  of  weight  on  the  length 
and  volume  of  the  egg. 

It  is  of  interest  to  note  that  in  spite  of  the  fact  of  nonlinearity  of 
the  weight  regressions  in  general,  nevertheless  a  linear  equation 
when  tested  on  a  random  sample  of  eggs  gives  as  good  a  result  as  the 
best  of  the  nonlinear  equations. 

If  the  weight  of  the  egg  is  to  be  estimated  on  the  basis  of  but  a 
single  linear  dimension,  breadth  is  apparently  slightly  the  better 
dimension  to  choose,  and  equation  2  the  best  equation.  Here  again 
we  see  the  regression  line  giving  a  better  result  than  either  the  best 
fitting  straight  line  to  the  unweighted  means  or  the  second  order 
parabola  fitted  by  least  squares,  even  though  the  latter  fits  the 
observed  regression  line  better  than  the  regression  equation  2. 
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The  underlying  purpose  with  which  this  investigation  of  regression 
was  undertaken  was  to  test  concretely  whether  the  true  theory  of 
regression  which  takes  account  of  the  variabilities  of  the  related 
characters  would  give  distinctly  better  results  than  the  simple 
graduation,  by  least  squares  or  moments,  of  the  observed,  unweighted 
regression  means.  On  theoretical  grounds  there  could  be  no  doubt  as 
to  the  outcome.  It  is  a  source  of  some  satisfaction,  however,  to  have  a 
concrete  and  practical  demonstration  that  even  though  we  may  fit 
with  a  theoretical  curve  or  surface  the  observed  regression  points  or 
surfaces  much  closer  than  they  are  fitted  by  the  true  regression 
equations,  nevertheless,  when  the  resulting  prediction  formulae  are 
tested  on  random  samples  from  the  same  population,  no  substantial 
gain  in  accuracy  of  prediction  is  obtained.  On  the  contrary,  in  not  a 
few  cases  the  results  will  be  distinctly  worse  than  with  a  true  regres- 
sion equation,  even  though  the  latter  involves  fewer  characters. 

VARIATION  AND  CORRELATION  IN  THE  EGGS  OF  WILD  BIRDS  AS 
COMPARED  WITH  THE  DOMESTIC  FOWL. 

Under  conditions  of  domestication  it  is  obvious  that  there  can  be 
no  natural  selection  of  the  fowl  on  the  basis  of  physical  characters 
of  the  egg.  Furthermore,  in  the  stock  which  furnished  the  data  of 
Series  A  there  has  been  no  artificial  selection  in  respect  to  size,  shape,  or 
color  of  eggs,  at  least  for  a  considerable  period  of  years.  It  is  evident, 
then,  that  whatever  degree  of  variation  is  exhibited  in  this  stock  in 
respect  to  these  characters  is  independent  of  any  influence  of  selection. 
On  the  other  hand,  it  has  been  generally  assumed  by  followers  of  the 
neo-Darwinian  school  of  evolutionary  philosophy  that  the  eggs  of 
wild  birds  have  been  and  are  the  objects  of  natural  selective  proc- 
esses, and  that  their  characteristics  in  respect  of  size,  shape,  and 
color  are  in  some  degree  determined  by  natural  selection.  This 
conclusion  has  been  definitely  stated  by  Latter  1  for  the  cuckoo's 

egg- 
In  view  of  these  considerations  it  is  of  interest  to  compare  the  eggs 
of  the  domestic  fowl  with  those  of  wild  birds  in  respect  of  variation 
and  correlation.    Considerable  material  is  available  for  such  com- 
parison. 

First  may  be  considered  variation  and  correlation  in  the  egg  of 
Corvus  frugilegus  L.  The  data  here  analyzed  for  this  form  are 
those  published  some  years  ago  by  Tur.2  In  his  discussion  of  the 
data  Tur  considered  only  simple  variation  and  calculated  no  correla- 
tions.   The  data  include  200  eggs.    One  hundred  and  eighty-eight 

1  Latter,  O.  H.  The  Egg  of  Ouculus  eanorus.  An  Enquiry  into  the  Dimensions  of  the  Cuckoo's  Egg  and 
the  Relation  of  the  Variation  to  the  Size  of  the  Eggs  of  the  Foster  Parent,  with  Notes  on  Coloration,  etc. 
Biomeirika,  Vol.  I,  pp.  164-176,  1902. 

3  Tur,  Jan.  Wahania  indywidualne  jaj  gawrona  (Corvus  frugilegus  L.),  zebranych  w  Wilanowie  prod 
Warszawa  w  kwietniu  r.  1006.    Pamietnika  Fiziograficznego,  T.  XIX,  pp.  (of  reprint)  1-15,  1906. 
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of  these  were  collected  from  73  nests.  The  remainder  were  "extra" 
eggs,  for  which  the  history  was  not  known.  In  forming  the  correla- 
tion tables  from  these  data  we  made  use  of  units  of  grouping  some- 
what different  from  those  used  by  Tur  in  his  calculations  of  the  fre- 
quency constants.  This  accounts  for  the  slight  discrepancies  between 
his  values  and  those  here  tabled. 

In  Table  23  are  given  the  variation  constants  for  the  eggs  of  the 
rook. 


Table  23. — Constants  for  variation  in  the  egg  of  Corvus  frugikgus  L.    (  Tur' 8  data.) 


Character. 

Mean. 

Standard 
deviation. 

Coefficient  of 
variation. 

Coefficient  of 

variation  for  Difference 
corresponding  between 
characters  of !     rook  and 
fowls'  eggs      fowl  coeffi- 

(Crom  cients. 
Table  2). 

Length  mm. . 

Breadth  do  

40.025  ±0.103 
28.183±  .040 
10.335±  .071 

2.150±0.073 
.843±  .028 
1.497±  .050 

5.387±0.182 
2.9tf2±  .101 
9.16(i±  .312 

4.2;i7-t0.095 
3.2N7-±  .074 
8.304±  .189 

+1.150±0.205 
-  .295±  .125 
4-  .802±  .365 

Weight  gm. . 

The  coefficients  of  correlation  for  these  characters  of  the  rook's  egg 
are  as  follows : 

Correlation  of  length  and  breadth,  r  =  0.257  ±0.045. 

Correlation  of  length  and  weight,  r  =  0.672  ±0.026. 

Correlation  of  breadth  and  weight,  r  =  0.844  ±0.013. 

Of  these  constants  only  the  coefficients  of  variation  and  correlation 
are  directly  comparable  between  the  fowl  and  the  rook.  By  reference 
to  Table  2  it  mil  be  seen  that: 

1.  The  relative  variation  and  the  degree  of  correlation  are  of  the 
same  general  order  of  magnitude  in  the  case  of  the  egg  of  the  fowl  and 
that  of  the  rook.  There  is  no  evidence  whatsoever  of  that  consider- 
able increase  in  variability  in  the  fowl's  egg,  which  on  a  priori  grounds 
might  be  supposed  to  result  from  the  cessation  of  selection,  both 
natural  and  artificial,  with  reference  to  the  characters  under  dis- 
cussion. 

2.  The  egg  of  the  rook  is  more  variable  in  length  than  that  of  the 
fowl,  to  a  degree  which  is  statistically  significant.  In  the  case  of 
weight  the  rook's  egg  is  also  more  variable  than  the  fowl's.  The 
difference,  however,  is  only  a  little  more  than  twice  the  probable  error 
and  can  not  safely  be  regarded  as  statistically  significant,. 

3.  The  egg  of  the  rook  is  somewhat  less  variable  in  breadth  than 
the  fowl's  egg,  but  the  difference  is  probably  not  significant. 

In  considering  these  differences  in  variation  it  must  be  remembered 
that  the  rook's  eggs  are  in  clutches,  and  do  not  represent  the  product 
of  200  different  individuals.  On  this  account  they  might  be  expected 
to  be  somewhat  less  variable  than  the  hens'  eggs.  In  spite  of  this 
factor  and  in  spite  of  any  putative  influence  of  natural  selection,  the 
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eggs  of  the  rook  exhibit  greater  relative  variability  than  hens'  eggs 
in  respect  to  two  out  of  three  characters  measured. 

A  similar  comparison  of  a  wild  bird's  eggs  with  those  of  the  domestic 
fowl  may  be  made  for  the  English  sparrow  (Passer  domesticus). 
Pearson  1  has  published  the  variation  constants  for  tolerably  long 
series  of  the  eggs  of  this  bird,  including  both  his  own  and  Bumpus' 
series  of  measurements  on  English  birds,  and  the  American  series  of 
Bumpus.  This  comparison  is  made  in  Table  24.  Another  character 
the  breadth/length  index,  may  be  compared  in  this  case.  For  this 
character  the  standard  deviations  are  directly  comparable. 


Table  24. — Showing  the  relative  variability  of  eggs  of  (a)  Passer  domesticus  and  (b)  the 

domestic  fowl. 


Character. 

English 
series 
(Pearson). 

English 
series 
(Bumpus). 

American 

series 
(Bumpus). 

Fowl. 

Length  (coefficient  of  variation)  

Breadth  (coefficient  of  variation)  

5.  47 

3.  38 
3.76 

4.91 

(?) 
3.22 

4.92 
(?) 
3.68 

4.24 
3.29 
3.79 

From  this  table  it  is  evident  that  the  sparrow's  and  the  hen's  egg 
are  substantially  equally  variable  in  dimensional  characters.  In 
respect  to  length  and  breadth  the  egg  of  the  sparrow  is  somewhat 
more  variable  than  that  of  the  fowl,  not  less  variable,  as  it  would  be 
expected  to  be  if  natural  selection  were  an  important  factor  in 
determining  the  degree  of  variation  exhibited  by  birds'  eggs.  None 
of  the  differences  in  Table  24  can  be  regarded  as  statistically  signifi- 
cant. In  other  words,  the  egg  of  the  wild  bird  is  neither  more  nor 
less  variable  than  that  of  the  domesticated  fowl  in  this  case. 

Table  25  gives  the  coefficients  of  variation  for  egg  length  and  egg 
breadth  in  a  number  of  different  species  of  wild  birds,  as  determined 
by  Latter,2  for  comparison  with  the  fowl. 

Table  25. — Showing  the  relative  variability  of  eggs  of  (a)  variaics  species  of  wild  birds, 

and  (b)  the  domestic  fowl. 


Species. 


Cuckoo  

Blackbird  

Song  thrush  

Starling  

Wagtail  3  

Yellowhammer  . 

Tree  pipit  

Meadow  pipit... 


Coefficient 
of 

variation 
for  egg 
length. 


4.72 
4.61 
3.  64 
3.68 
6.96 
3.17 
3.49 
6.37 


Coefficient 
of 

variation 
for  egg 
breadth. 


3.93 
3.62 
2.50 
1.94 
2. 52 
2.  53 
2. 97 
3.84 


Species. 


House  sparrow  . 
Hedge  sparrow  . 

Robin  

Linnet  


Mean  (unweighted) 
Domestic  fowl  


Coefficient 
of 

varial  ion 
for  egg 
length. 


5.47 

4.02 
4.24 
3.49 


4.  48 
4.29 


Coefficient 
of 

variation 
for  egg 
breadth. 


3.38 
2.81 
3.09 


2.98 
3.79 


1  Pearson,  K.  Variation  of  the  Egg  of  the  Sparrow  (Passer  domesticus).  Biometrika,  Vol.  I,  pp.  256-257 
1902. 

2  Latter,  O.  H.   Loc.  eft.,  p.  176. 
2  A  mixed  series. 


228     A  STXJDl'  OF  EGG  PRODUCTION  IN  THE  DOMESTIC  FOWL. 


From  this  table  we  see  that  again  the  wild  birds'  eggs  are  more 
variable  on  the  average  in  length  than  are  those  of  the  domestic  fowl. 
The  difference  here  is  probably  not  significant.  It  indicates  merely 
that  the  domestic  fowl  is  certainly  not,  as  might  have  been  supposed 
to  be  the  case  on  a  priori  grounds,  more  variable  than  wild  birds  in 
respect  to  egg  length. 

In  breadth  the  eggs  of  the  fowl  show  a  higher  coefficient  than  the 
average  for  the  wild  birds.  In  view  of  the  other  facts  set  forth  in  this 
section,  however,  probably  but  little  significance  can  be  attached  to 
this  result.  It  may  be  related  to  the  greater  laying  activity  of  the 
domesticated  bird,  as  a  result  of  which  the  muscular  tonus  of  the  wall 
of  the  oviduct  is  not  so  precisely  maintained  at  a  given  point  as  in  the 
case  of  wild  species  laying  but  a  few  eggs.  This  suggestion  is  purely 
hypothetical,  however.  It  is  not  yet  olear  by  any  means  that  the 
eggs  of  wild  birds  are  in  general  actually  less  variable  in  breadth  than 
those  of  the  domestic  fowl. 

Considering  all  the  facts  set  forth  in  this  section  together,  they 
seem  to  us  to  make  it  highly  probable  that  the  essential  factors  con- 
cerned in  the  determination  of  the  degree  of  variation  in  size  and 
shape  exhibited  by  birds'  eggs  are  purely  physiological  and  in  no 
direct  or  immediate  way  (if  at  all)  related  to  the  action  of  natural 
selection.  The  physiological  mechanism  concerned  in  the  determina- 
tion of  the  shape  and  size  of  a  bird's  eggs  involves  chiefly  the  secre- 
tory and  muscular  systems  of  the  oviduct.  This  mechanism  is  essen- 
tially similar  in  wild  and  domestic  birds.  It  scorns  reasonable  to 
suppose  that  it  would  lead  to  the  same  sort  of  result  in  respect  to 
variation  of  product  in  the  one  case  as  in  the  other. 

It  certainly  does  not  appear  from  the  available  evidence  that  it  is 
essential  to  the  survival  of  a  wild  bird  that  its  eggs  shall  be  less  varia- 
ble than  those  of  the  domestic  fowl,  in  which  egg  variation  obviously 
had  no  survival  value  whatsoever. 

VARIATION  IN  THE  SIZE  OF  EGGS  IN  THE  INDIVIDUAL  AS  COM- 
PARED WITH  THE  RACE. 

So  far  we  have  considered  only  intraracial  variation  in  the  size  of 
eggs.  Clearly  egg  production  offers  an  excellent  opportunity  to  carry 
the  analysis  of  variation  further,  through  the  discussion  of  intra- 
individual  variation.  The  same  bird  produces  a  considerable  number 
of  eggs  in  the  course  of  a  year.  How  much  variation  is  shown  by  the 
eggs  of  the  same  individual  bird  as  compared  with  that  exhibited  by 
the  flock  or  race  as  a  whole?  Poultrymen  are  generally  impressed 
with  the  similarity  of  the  eggs  of  the  same  bird,  which  is  indeed 
striking  in  some  cases.    On  the  other  hand,  as  will  presently  appear, 
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there  are  other  individuals  whose  eggs  vary  among  themselves  quite 
as  much  or  even  more  than  do  the  eggs  of  the  flock  or  the  race. 
Individuality  of  a  bird  in  respect  to  nonuniformity  (i.  e.,  varia- 
bility) of  its  product  is  just  as  definite  and  real  a  phenomenon  as  is 
the  more  commonly  known  individuality  in  respect  to  average  size, 
shape,  or  color  of  the  product. 

It  should  be  said  before  entering  upon  the  discussion  of  the  data 
that  intraindividual  variation  in  eggs  has  been  made  the  subject  of  a 
very  thorough  investigation  by  Dr.  Maynie  R.  Curtis,  working  in  tliis 
laboratory.  Her  researches  have  extended  over  a  period  of  years. 
The  results  will  be  published  shortly.  The  discussion  of  the  data  in 
the  present  bulletin  is  only  preliminary  to  the  more  thorough  treat- 
ment which  she  will  give  the  matter. 

The  material  for  the  present  treatment  of  intraindividual  variation 
in  eggs  (Series  B,  p.  176)  was  derived  from  100  Barred  Plymouth  Rock 
hens,  all  approximately  1  year  old  at  the  time  the  data  were  taken. 
These  birds  were  a  part  of  the  same  stock  which  furnished  the  data  for 
Series  A.  The  intraindividual  and  the  racial  data  are  therefore 
strictly  comparable  in  the  present  case.  Twenty-five  consecutive 
eggs  were  measured  from  each  of  the  100  birds,  double-yolked  or 
otherwise  abnormal  eggs  being  rejected.  The  eggs  were  taken  during 
the  spring  laying  cycle  (cf .  Part  II  of  this  study,  p.  99) ;  that  is,  in  the 
months  of  March,  April,  and  May.  Dr.  Curtis  has  shown  in  her 
unpublished  work  that  the  eggs  of  this  season  of  the  year  constitute 
an  almost  absolutely  perfect  random  sample  of  the  total  eggs  pro- 
duced during  the  year.  This,  of  course,  demonstrates  the  validity 
of  the  present  data  for  the  use  to  which  they  are  put,  namely,  the 
study  of  intraindividual  variation.  The  length  and  breadth  of  each 
of  the  2,500  eggs  used  in  this  study  were  measured  to  hundredths  of  a 
mnlimeter.  Then  for  each  of  the  100  birds  the  mean,  standard 
deviation,  and  coefficient  of  variation  for  length  and  breadth  were 
calculated  from  the  sample  of  25  eggs.  In  making  these  calculations 
the  data  were  not  grouped. 

In  Table  26  the  constants  for  each  bird  are  given. 
33294°— 14  5 
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Table  26. — Constants  for  intraindividual  variation  in  length  and  breadth  of  the  eggs  oj 
100  Barred  Plymouth  Rock  hens. 


Length. 


Breadth. 


o 

o 

o 
■o 

o 

_• 

•§ 

"o 

^  f' 

o 

d 

".2 

■go 

£.2 

c.2 

g;  +j 

7§ 

q-2 
■3.2 

1  " 
o 

V  Q 

Coefficient 
variatior 

& 

1 

o 

Bird  Ni 

Mean. 

a)  > 

o 

Mean. 

c-  > 

C3 

Case  Nc 

Bird  Nc 

1 

Standai 
viati 

p 

a 

$ 

Standai 
viati 

1 

1 

53.03 

1.28 

2. 40 

42.64 

0.81 



1.89 

53 

408 

57 

60 

1.06 

1.83 

42 

94 

0.50 

1.17 

2 

7 

56.14 

1.62 

2.88 

41.09 

.51 

1.25 

54 

409 

59 

40 

1.73 

2. 92 

45 

33 

.66 

1.45 

3 

8 

55.54 

1.38 

2. 49 

42.27 

.72 

1.69 

55 

410 

55 

04 

1.48 

2.70 

41 

2,5 

1.00 

2.42 

4 

10 

54.45 

1.76 

3.24 

40.61 

1.16 

2.86 

56 

414 

58 

08 

1.48 

2. 52 

43 

28 

1.09 

2.52 

5 

12 

55.38 

1.39 

2.51 

42.11 

.91 

2. 16 

57 

415 

50 

36 

1.83 

3.2.5 

41 

06 

.89 

2.15 

6 

18 

57.23 

2.17 

3.  79 

41.07 

1.00 

2.44 

58 

419 

61 

89 

1.54 

2.80 

41 

57 

.60 

1.44 

7 

19 

56.03 

2.31 

4.13 

40.04 

1. 18 

2.94 

59 

422 

56 

8fi 

1.57 

2.  76 

41 

78 

.59 

1.41 

8 

20 

55.77 

1.38 

2.48 

42.73 

1.06 

2.47 

60 

424 

54 

72 

1.3ti 

2.43 

43 

15 

1.28 

2.98 

9 

21 

55.31 

1.84 

3.33 

41.08 

.61 

2.46 

61 

428 

53 

73 

1.44 

2.68 

42 

57 

.71 

1.66 

10 

23 

52. 10 

1.12 

2.14 

38.36 

.75 

1.95 

62 

434 

56 

33 

1.41 

2.48 

42 

50 

.47 

1.10 

11 

27 

59.78 

1.87 

3.13 

42.05 

1.12 

2.  66 

63 

438 

56 

20 

1.  40 

2.48 

42 

24 
96 

.83 

1.96 

12 

39 

57.82 

1.50 

2.59 

42.90 

1.01 

2.35 

64 

411 

58 

49 

1.98 

3.39 

44 

.93 

2.08 

13 

42 

54.71 

1.23 

2.25 

42.71 

.48 

1. 12 

65 

412 

54 

92 

1.18 

2.14 

41 

44 

.62 

1.51 

14 

52 

54.78 

1.73 

3. 15 

41.49 

1.21 

2. 92 

66 

413 

5! 

33 

1.07 

1.96 

41 

23 

.60 

1  45 

15 

58 

58.59 

1.86 

3. 18 

42.63 

.  77 

1.81 

67 

414 

55 

09 

1.03 

1.87 

42 

27 

.74 

1.76 

16 

61 

57.73 

2. 45 

4.24 

41.39 

.70 

1.84 

68 

447 

51 

08 

1.42 

2.63 

41 

90 

.91 

2.17 

17 

66 

57.89 

2. 04 

3.53 

42.(55 

.69 

1.63 

69 

450 

55 

00 

1.61 

2.89 

■12 

90 

.87 

2.04 

18 

73 

53.97 

1.07 

1.98 

44.  64 

.90 

2. 01 

70 

C559 

56 

82 

1.69 

2.  98 

40 

82 

.66 

1.59 

19 

87 

55.19 

1  29 

2  34 

41  61 

.47 

1. 14 

71 

705 

50 

28 

1.  66 

2. 94 

41 

80 

1.25 

2.99 

20 

90 

58.28 

1.66 

2.85 

42.57 

.66 

1.54 

72 

707 

54 

72 

1.47 

2.68 

38 

87 

.92 

2. 37 

21 

99 

56.27 

2. 09 

3.71 

41.65 

.79 

1.91 

73 

709 

55 

91 

2.68 

4.79 

40 

79 

.78 

1.92 

22 

112 

59.09 

LIB 

H5 

40.36 

.64 

1.58 

74 

712 

53 

32 

1.41 

2.65 

40 

69 

.82 

2.01 

23 

113 

55.04 

1.21 

2.25 

42.09 

.61 

1.42 

75 

717 

57 

10 

1.S2 

3.19 

41 

70 

.67 

1.60 

24 

121 

54.78 

1.72 

3. 15 

40. 34 

.75 

1.80 

76 

725 

56 

36 

1.80 

3.30 

40 

49 

.98 

2.42 

25 

122 

51.16 

1.45 

2.67 

41.09 

.73 

1.77 

77 

726 

58 

67 

2.42 

4.13 

41 

87 

.90 

2.16 

26 

129 

54.04 

1.51 

2.79 

41.94 

.98 

2.34 

78 

731 

56 

42 

1.  50 

2.76 

38 

99 

1. 32 

3. 39 

27 

152 

55.55 

1.20 

2.27 

42.22 

.74 

1.74 

79 

732 

57 

34 

1.42 

2.48 

41 

50 

.70 

1.68 

28 

160 

58.80 

1.94 

3.29 

42.03 

.75 

1.78 

80 

734 

57 

40 

2.00 

3.  19 

39 

62 

1.08 

2.  72 

29 

C161 

59.  63 

1.58 

2.61 

41.  ot 

.42 

1.00 

81 

743 

59 

03 

2.  .81 

4.81 

42 

32 

.89 

2.11 

30 

168 

56. 10 

1. 15 

2. 05 

41.28 

.70 

1.71 

82 

56 

53 

l.fil 

2.84 

42 

90 

.83 

1.94 

31 

172 

51.35 

1.96 

3.  01 

42.29 

.98 

2.31 

83 

\t 

57 

i  1 

2. 07 

3.59 

41 

54 

1.09 

2.62 

32 

185 

57.17 

.94 

1.64 

43.41 

.61 

1.41 

84 

749 

58 

10 

1.22 

2.10 

42 

08 

.40 

.94 

33 

224 

50.  23 

1.62 

2.87 

40.91 

.71 

1.74 

85 

752 

52 

57 

1.31. 

2.49 

39 

95 

.67 

1.68 

34 

233 

55.00 

1.35 

2.45 

41.77 

1.19 

2.85 

86 

757 

55 

1.52 

2.  74 

44 

16 

.51 

1. 14 

35 

243,  55.90 

1.80 

2.  87 

43.14 

.61 

1.42 

87 

759 

58 

04 

1.27 

2. 19 

44 

13 

.51 

1.15 

36 

352 

55.60 

1.27 

2.29 

40.  73 

.72 

1.78 

88 

762 

55 

01 

1.1L 

2.02 

42 

67 

.64 

1.51 

37 

357 

54.14 

2.14 

3.95 

42.39 

1.33 

3.  13 

89 

763 

5  8 

22 

1.54 

2.65 

42 

18 

.42 

1.01 

38 

359 

56.24 

1.93 

3.43 

43.71 

.51 

1.17 

90 

764 

55 

38 

1.52 

2.  75 

42 

86 

.58 

1.36 

39 

367 

53. 70 

1.33 

2.48 

39.34 

.84 

2.14 

91 

765 

55 

10 

1.53 

2. 78 

40 

95 

.62 

1.52 

40 

374 

58.85 

1.82 

3.09 

44.22 

.95 

2.15 

92 

766 

52 

41 

1.45 

2.76 

41 

91 

.82 

1.05 

41 

375  !  56.  81 

1.  15 

2. 55 

43.29 

.57 

1.31 

93 

768 

55 

54 

1.08 

3.co 

39 

51 

.81 

2.06 

42 

377 

55.  63 

2. 1X1 

3. 59 

41.08 

.76 

1.84 

94 

770 

55 

01 

1.55 

2.82 

41 

36 

.72 

1.73 

43 

381 

55.97 

1.  17 

2. 03 

41.68 

.88 

2.11 

95 

771 

57 

28 

2.21 

3.91 

42 

99 

.68 

1.59 

44 

382 

53.  42 

1.42 

2. 07 

41.03 

.95 

2. 32 

96 

774 

52 

95 

1.40 

2.64 

41 

7(1 

1.71 

4.11 

45 

389 

60. 34 

1.98 

3.51 

41.38 

1.03 

2.50 

97 

111 

55 

37 

1.90 

3.  43 

41 

38 

.94 

3.77 

46 

393 

55.55 

2.01 

3.67 

40.17 

1.19 

2.95 

98 

781 

55 

05 

.87 

1.56 

39 

18 

.65 

1.65 

47 

395 

55.  22 

1.75 

3.16 

42.01 

.97 

2.32 

99 

803 

57 

52 

1.82 

3. 17 

42 

41 

1.13 

2.66 

48 

397 

57.06 

1.35 

2.36 

43.  48 

.  371     . 86 

100 

1780 

53 

90 

.81 

1.56 

42 

77 

.64 

1.49 

49 

400 

55.65 

2.  i» 

3.59 

39.  82 

.44 

1.11 

50 

401 

54.05 

2.  18 

4.03 

43. 24 

.96 

2.23 

General 

51 

402 

56. 40 

1.94 

3.44 

40. 61 

.62 

1.53 

means 

56.  09 

1.62 

2.89 

41 

82 

.81 

1.97 

52 

406 

57.43 

2.25 

3.92 

40.87 

1.27 

3.10 

Length. 


Breadth. 


From  this  tabic  we  note  that: 

1.  There  is  a  great  diversity  among  these  100  birds  in  respect  not 
only  to  the  mean  size  of  the  eggs  produced  but  also  in  respect  to  the 
uniformity  of  the  product.  Some  of  the  birds,  as,  for  example, 
Nbs.  185,  444,  784,  and  1780,  lay  eggs  which  arc  all  very  closely  alike 
in  size  (i.  e.,  show  little  variation).  On  the  other  hand,  other  birds 
lay  eggs  which  are  extremely  variable.  Examples  of  this  are  Nbs. 
61  (in  length),  19,  709  (in  length),  774  (in  breadth).  The  relative 
variability  of  the  egg  is  plainly  a  definite  character  of  the  individual. 
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2.  There  is,  on  the  average,  a  considerable  reduction  in  variability 
as  we  pass  from  the  race  to  the  individual.  The  mean  length  and 
mean  breadth  deduced  from  the  individual  means  agree  almost 
exactly,  as  they  would  be  expected  to,  with  the  racial  means  from 
Series  A.  For  the  variabilities  the  case  is  different.  Since  the  means 
are  substantially  identical,  we  may  compare  standard  deviations 
directly.    We  then  have  for  length — 

Racial  S.  D.  (2.39)  -  Mean  individual  S.  D.  (1.62)  =0.77 

and  for  breadth — 

Racial  S.  D.  (1.38)  -  Mean  individual  S.  D.  (0.81)  =0.57 

3.  Put  in  another  way,  the  mean  individual  standard  deviation  in 
length  is  68  per  cent  of  the  racial  standard  deviation,  or  there  is  a 
reduction  in  variability  in  length  of  32  per  cent  in  passing  from  race 
to  individual.  The  mean  individual  standard  deviation  in  breadth 
is  59  per  cent  of  the  racial  standard  deviation.  In  this  character 
the  reduction  in  variability  is  41  per  cent.  It  is  of  interest  to  note 
that  the  reduction  is  greater  for  breadth  than  for  length.  Dr. 
Curtis  also  finds  this  to  be  the  case  in  her  work. 

4.  There  are  4  hens  whose  eggs  show  a  greater  standard  deviation 
in  length  than  does  a  random  sample  of  eggs  of  the  race.  That  is, 
the  eggs  of  these  birds  are  absolutely  more  variable  in  length  than 
the  eggs  of  the  flock  of  Barred  Rock  birds  from  which  they  originated. 
Among  the  100  individuals  none  laid  eggs  more  variable  (absolutely) 
than  those  of  the  race  in  respect  to  breadth. 

5.  Looking  at  the  matter  from  the  standpoint  of  relative  varia- 
bility in  proportion  to  mean  size,  as  measured  by  the  coefficient  of 
variation,  we  find  two  birds  (Nos.  709  and  743)  whose  eggs  are 
relatively  more  variable  than  those  of  the  race  in  respect  to  length. 
Three  birds  (Nos.  731,  774,  and  777)  lay  eggs  which  are  relatively 
more  variable  in  breadth  than  those  of  the  race. 

6.  While  in  the  race,  and  on  the  average  for  individuals,  the  egg 
is  more  variable  in  length  than  in  breadth,  there  are  individual  birds 
in  whose  eggs  this  rule  is  reversed.  Out  of  the  100  birds,  two  (Nos. 
20  and  414)  lay  an  egg  which  is  equally  variable  in  length  and 
breadth.  Seven  birds  out  of  the  100  produce  eggs  which  are  more 
variable  in  breadth  than  in  length. 

In  22  cases  of  repeated  like  parts  in  the  vegetable  kingdom,  includ- 
ing various  characters  of  leaves  of  trees,  etc.,  Pearson  1  found  an 
average  reduction  of  variability  in  passing  from  race  to  individual  of 
about  13  per  cent.    This  is  obviously  very  much  smaller  than  what  we 


1  Pearson,  K.,  and  others.  Mathematical  Contributions  to  the  Theory  of  Evolution.— IX.  On  the  Prin- 
ciple of  ilomotyposls  and  In  Relation  to  Heredity,  to  the  Variability  ol  the  Individual,  and  to  that  of  the 
Kace.  Phil.  Trans.  Eoy.  Soc.,  Vol.  197A,  pp.  285-379,  1901. 
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find  for  eggs.  The  results  indicate  that  the  eggs  of  an  individual  hen 
are,  on  the  average,  from  three  to  four  times  more  uniform  in  size  than 
are  the  leaves  from  an  individual  tree.  This  difference  is  interesting 
because  of  the  physiological  differences  of  egg  formation  and  leaf 
formation  (for  example).  In  the  one  case  the  product,  as  measured, 
is  essentially  the,  result  of  secretory  activity,  whereas  in  the  other 
case  the  product  is  a  result  of  cell  division  and  differentiation. 

The  data  of  Table  26  offer  material  for  the  study  of  a  number  of 
problems  in  regard  to  the  formation  of  the  egg.  We  hope  later  to 
return  to  the  discussion  of  some  of  these.  At  present  only  one  further 
matter  will  be  considered,  namely,  the  interindividual  correlations. 
Is  there  a  correlation  in  respect  to  absolute  and  relative  variability 
between  length  and  breadth  of  the  egg?  In  other  words,  does  the 
hen  which  lays  an  egg  with  a  high  absolute  variability  (standard 
deviation)  in  length  also  tend  to  show  a  high  absolute  variability  in 
breadth?  Is  relative  variability  (coefficient  of  variation)  in  length 
correlated  with  relative  variability  in  breadth  ? 

To  answer  these  questions  correlation  tables  have  been  prepared 
from  the  data  of  Table  26.  Table  27  shows  the  interindividual  cor- 
relation in  respect  to  mean  length  and  mean  breadth.  Table  28  gives 
the  correlation  between  the  standard  deviation  for  length  and  that 
for  breadth,  or,  in  other  words,  the  interindividual  correlation  in 
respect  to  absolute  variability  between  length  and  breadth.  Table 
29  gives  the  interindividual  correlation  in  respect  to  relative  vari- 
ability; that  is,  the  correlation  between  the  coefficients  of  variation 
for  length  and  breadth. 

Table  27. — Showing  the  correlation  between  individual  mean  egg  length  and  individual 

mean  egg  breadth. 


Egg  breadth  means. 


CO  -v 


I  1 


52.0-52.4 

62. 5-52. 9 

53.0-53.4 

1 

53. 5-53. 9 
54.0-54.4 

B 

54.5-54.9 

55. 0-55. 4 

3  < 

55.  5-55. 9 

fci 

56. 0-56. 4 

a 

V 

56. 5-56. 9 

57.0-57.4 

57. 5-57. 9 

58. 0-58. 4 

58.  5-58.  9 

59. 0-59. 4 

{  59.5-59.9 

Total.... 

7 
13 
14 
14 
4 
8 
6 
5 
5 
3 
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Table  28. — Showing  the  correlation  between  individual  standard  deviations  for  egg  length 

and  egg  breadth. 


Egg  breadth  standard  deviations. 

Total. 

0. 30-0. 49 

0. 50-0.  69 

0.  70-0. 89 

0.90-1.09 

1.10-1.29 

1.30-1.49 

1.50-1.69 

1.70- 
1.89 

v  0.70-0.89 
3  .90-1.09 
•a  1.10-1.29 
ag  1.30-1.49 
».o  1.50-1.69 
J=5  1.70-1.89 
WE  1.90-2.09 
§2  2.10-2.29 
m  2.30-2.49 
M    2. 50-2.  69 
m     2.  70-2. 89 

2 
3 
4 
3 
9 
3 
3 
1 

2 
5 
12 
23 
21 
13 
14 
5 
3 
1 
1 

2 
5 

8 
6 
3 
3 

3 
2 
2 

7 
2 
3 
C 
2 
1 

2 
1 
4 

1 

1 

1 

1 

1 
1 

1 

1 
1 
1 

Total.... 

8 

28 

30 

21 

10 

2 

0  1  1 
 1 

100 

Table  29. — Showing  the  correlat  ion  between  individual  egg  length  coe  fficients  of  variation 
and  individual  egg  breadth  coefficients  of  variation. 


Egg  breadth  coefficients  of  variation. 


£.3 


1. 50-1. 
1.  70-1. 
1.90-2. 
2. 10-2. 
2. 30-2. 
2.50-2. 
2. 70-2. 
2. 90-3. 
3. 10-3. 
3. 30-3. 
3. 50-3. 
3.  70-3. 
3.90-4. 
4.10-1. 
4.3M 
4.50-4. 
4.70-4. 


3 
2 
i 
8 
12 
15 
16 
5 
11 
6 
7 
2 
4 
3 
0 
0 
2 


Total. 


9     10     15  13 


12 


The  constants  deduced  from  these  tables  are  given  in  Table  30. 
The  slight  differences  in  the  means  in  this  table  from  those  at  the 
foot  of  Table  26  are  due  simply  to  the  grouping  of  the  data. 

Table  30. — Constants  of  interindividual  variation  and  correlation  in  length  and  breadth 

of  eggs. 


Intraindividual  constant. 

Mean. 

Standard 
deviation. 

1.68±.08 
1.30±.06 

.38±.02 
.25±.01 

.66±.03 
.64±.03 

41.82±.09 

1.62±.03 
.82±.02 

2.  S8±.04 
1.95±.04 

Coefficient  of  variation  lor  breadth  

Correlation  between  length  and  breadth,  intraindividual  means  r=+.3O0±.O01 

Correlation  between  intraindividual  standard  deviations  for  length  and  breadth   r=+.301±.061 

Con-elation  between  intraindividual  coefficients  of  variation  for  length  and  breadth  r=-f-.327±.06Q 

All  probable  errors  in  this  table  are  calculated  on  the  basis  of  «=100. 
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From  this  table  it  will  be  noted  that: 

1.  The  length  constants  are  in  all  cases  more  variable  than  the 
breadth  constants.  This  means  biologically  (a)  that  if  we  determine 
the  mean  length  and  breadth  of  a  series  of  eggs  from  each  of  a  number 
of  birds  we  shall  find  more  variation  among  the  mean  lengths  than 
among  the  mean  breadths,  just  as  in  the  eggs  of  one  bird  or  of  a  flock 
we  usually  find  a  greater  variation  in  length  of  egg  than  in  breadth; 
(b)  that  if  in  each  of  our  series  of  eggs  we  calculate  the  standard 
deviation  and  coefficient  of  variation  for  the  length  and  for  the 
breadth  of  the  eggs  of  each  individual  bird,  we  shall  find  that  the 
series  of  standard  deviations  and  coefficients  of  variation  vary  more 
among  themselves  in  the  case  of  length  of  egg  than  in  the  case  of 
breadth  of  egg.  In  other  words,  not  only  is  the  hen's  egg  generally 
more  variable  in  length  than  in  breadth,  but  in  passing  from  individual 
to  individual  there  is  a  greater  variation  in  respect  to  degree  of 
variability — or  uniformity,  as  one  pleases — in  length  than  in  breadth. 

2.  The  interindividual  correlation  in  mean  length  and  mean 
breadth  is  higher  than  the  general  intraracial  coefficient  for  the 
same  two  characters  (Table  14).  This  is  to  be  expected.  It  means 
that  in  general  a  hen  which  characteristically  lays  an  egg  longer  than 
the  average  also  lays  an  egg  which  tends  to  be  wider  than  the  average; 
that  is,  a  relatively  large  egg  altogether. 

3.  The  same  sort  of  correlation  holds  in  regard  to  the  variability 
of  the  product.  A  hen  which  characteristically  lays  an  egg  which  is 
unusually  variable  in  length  also  exhibits  an  unusual  degree  of  varia- 
tion in  the  breadth  of  her  product. 

The  results  of  this  section  carry  an  important  practical  suggestion. 
Those  having  to  do  with  the  development  and  organization  of  the 
marketing  side  of  the  poultry  industry  are  all  the  time  laying  more 
and  more  stress  on  the  importance  of  quality  to  the  producer.  The 
farmer  and  poultryman  is  urged  to  grade  his  eggs  carefully  before 
marketing  them.  So  far  as  size  and  shape  go,  eggs  are  graded  before 
anything  else  for  uniformity.  It  is  commonly  assumed  that  lack 
of  uniformity  in  eggs  is  primarily  the  result  of  having  many  different 
birds  in  the  flock  each  of  which  lays  an  egg  more  or  less  different 
from  every  other  bird's  eggs.  The  results  set  forth  above  show  that 
this  is  not  the  whole  story.  A  study  of  Table  26  will  very  quickly 
convince  one  that  there  is  a  considerable  portion  of  the  flock  coin- 
posed  of  individuals  which  are  constitutionally  incapable  of  laj'ing 
a  uniform  egg.  Variability  of  product  is  as  definite  a  characteristic 
of  such  hens  as  their  color.  On  the  other  hand,  there  are  hens  whose 
eggs  are  remarkably  and  characteristically  uniform.  It  is  plain 
that  these  facts  offer  a  hopeful  suggestion  to  the  breeder  who  is 
desirous  of  producing  the  highest  quality  of  market  eggs  at  the  lowest 
cost.    His  aim  will  be  to  breed  a  pure  strain  of  birds  characterized 
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not  only  by  the  average  excellence  but  also  by  the  uniformity  of 
their  product.  It  should  finally  be  said  that  while  the  facts  set 
forth  above  deal  only  with  size  characters  of  eggs,  unpublished  results 
obtained  in  this  laboratory  show  that  the  same  considerations  apply 
to  other  characters  of  eggs. 

SUMMARY. 

The  object  of  the  present  part  of  this  bulletin  is  to  present  quanti- 
tative data,  together  with  a  biometrical  analysis  of  the  same,  regard- 
ing the  normal  variation  and  correlation  of  the  egg  of  the  domestic 
fowl  in  respect  primarily  to  size  and  shape.  Such  data  are  of  value 
in  connection  with  all  physiological  and  genetic  studies  in  regard  to 
the  production  of  eggs.  They  also  have  a  significant  relation  to 
the  economic  problem  of  the  improvement  of  eggs  in  respect  to  quality 
and  uniformity  by  breeding.  The  material  used  in  this  study  com- 
prised a  considerable  number  of  eggs  of  Barred  Plymouth  Rock 
pullets  belonging  to  the  Maine  Station  flock.  The  material  was 
strictly  homogeneous,  and  particularly  well  adapted  in  all  respects 
for  the  study  of  the  normal  variation  of  the  hen's  egg.  It  will  be 
understood  that  the  results  and  conclusions  of  this  investigation, 
while  stated  in  general  form,  are  not  presumed  to  have  a  wider 
generality  than  the  material  on  which  they  are  based.  It  is  probable 
that  many  of  the  results  found  for  the  egg  of  the  Barred  Plymouth 
Rock  will  also  obtain  for  the  eggs  of  other  breeds. 

Among  the  more  important  results  obtained  in  this  study  the  fol- 
lowing may  be  mentioned: 

1.  The  egg  is,  to  a  significant  degree,  relatively  more  variable  in 
length  than  in  breadth.  The  egg  is  considerably  more  variable  in 
shape,  as  measured  by  the  length-breadth  index,  than  it  is  in  either 
of  the  linear  dimensions  length  or  breadth.  The  weight  of  the  egg 
and  its  volume  (determined  from  length  and  breadth  on  the  assump- 
tion that  the  egg  is  a  perfect  prolate  spheroid)  are  much  more  vari- 
able than  any  of  the  other  characters.    (Pp.  117-180.) 

2.  There  is  a  close  agreement  between  the  egg  of  the  domestic 
fowl  and  the  human  skull  in  respect  to  the  degree  of  variation  exhib- 
ited in  the  corresponding  size  and  shape  characters  of  the  two 
structures.  A  consideration  of  the  processes  concerned  in  the  pro- 
duction of  the  definitive  size  and  shape  of  the  egg  and  the  skull 
suggests,  though  it  does  not  prove,  that  this  similarity  with  reference 
to  variation  constants  is  not  fortuitous,  but  rests  upon  abasis  of  general 
similarity  hi  regard  to  mechanical  factors  operative  in  both  cases 
during  the  development  and  fixation  of  the  final  form.    (Pp.  180-183.) 

3.  With  the  exception  of  breadth,  all  other  dimensional  characters 
studied  show  significantly  skew  (asymmetrical)  variation.  The  differ- 
ent egg  dimensions  give  frequency  distributions  following  different 
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ones  of  Pearson's  curve  types.  Variation  of  the  egg  in  length  and 
in  shape  (length-breadth  index)  follows  a  curve  of  Type  IV;  varia- 
tion in  breadth  Type  II,  and  variation  in  volume  Type  I.  (Pp. 
183-189.) 

4.  All  of  the  egg  dimensions  studied  are  positively  correlated  with 
each  other  in  varying  degree.  Intraracially  egg  length  and  egg 
breadth  are  correlated  only  slightly.  Furthermore,  neither  the 
weight  nor  the  volume  of  the  egg  is  more  than  very  slightly,  if  signifi- 
cantly at  all,  correlated  with  its  shape.  As  would  be  expected,  both 
length  and  breadth  are  significantly  correlated  with  the  weight  and 
the  volume  of  the  egg.  The  bulk  measures  (volume  and  weight) 
are  more  highly  correlated  with  breadth  than  with  length.  There 
is  a  very  high  correlation  between  volume  and  weight.  This  implies 
what  was  found  in  fact  to  be  the  case,  that  the  specific,  gravity  of 
the  egg  exhibits  only  a  very  small  degree  of  variation.  There  is 
no  significant  net  correlation  between  the  shape  of  an  egg  and  its 
absolute  size.    (Pp.  190-200.) 

5.  The  skull  ami  the  egg  show  a  correspondence  in  respect  to  the 
degree  to  which  then  chief  dimensions  are  con-elated.  The  correla- 
tion results  parallel  those  already  set  forth  in  paragraph  2  above  for 
simple  variation.    (Pp.  200-203.) 

6.  A  detailed  study  of  the  regression  of  the  weight  of  the  egg  on 
length  and  breadth  results  in  certain  equations  from  which  the  former 
quantity  can  be  estimated  from  a  knowledge  of  the  linear  dimensions 
of  the  egg  with  a  considerable  degree  of  accuracy.    (Pp.  203-225.) 

7.  A  comparison  of  the  egg  of  the  domestic  fowl  with  those  of  a 
number  of  species  of  wild  birds  in  respect  to  relative  variabilit}' 
leads  to  the  result  that  in  general  the  eggs  of  wild  birds  are  neither 
less  nor  more  variable  than  those  of  the  domestic  bird.  It  is  con- 
cluded that  probably  the  essential  factors  concerned  in  the  deter- 
mination of  the  degree  of  variation  in  size  and  shape  exhibited  by 
birds'  eggs  are  purely  physiological  and  in  no  direct  or  immediate 
way  (if  at  all)  related  to  the  action  of  natural  selection.  It  does  not 
appear  from  the  evidence  that  it  is  essential  to  the  survival  of  a  wild 
bird  that  its  egg  shall  be  less  variable  than  those  of  the  domestic 
fowl,  in  which  egg  variation  obviously  has  no  survival  value  whatso- 
ever.   (Pp.  225-228.) 

8.  A  study  of  intraindividual  variation  indicates  that  the  relative 
variability  of  eggs  is  a  definite  characteristic  of  the  individual,  some 
birds  characteristically  laying  eggs  which  are  extremely  variable 
and  other  birds  characteristically  producing  eggs  which  are  very 
uniform.  There  is  on  the  average  a  considerable  reduction  in  vari- 
ability in  passing  from  the  race  to  the  individual.  This  amounts 
in  the  case  of  length  to  32  per  cent  and  in  the  case  of  breadth  to  41 
per  cent.    Some  individuals  may  show  a  greater  variability  both 
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absolute  and  relative  than  a  random  sample  of  the  eggs  of  the  race 
from  which  the  individual  comes.  The  rule  that  length  is  more 
variable  than  breadth  is  reversed  in  the  eggs  of  some  individuals. 
Seven  per  cent  of  the  birds  studied  produce  eggs  which  are  more 
variable  in  breadth  than  in  length.  In  general  a  hen  which  character- 
istically lays  an  egg  longer  than  the  average  also  lays  an  egg  which 
tends  to  be  wider  than  the  average.  The  same  sort  of  correlation 
holds  in  regard  to  the  variability  of  the  product.  A  hen  which 
characteristically  lays  an*  egg  which  is  unusually  variable  in  length 
also  exhibits  an  unusual  degree  of  variation  in  the  breadth  of  her 
product.    (Pp.  228-234.) 


APPENDIX  III. 


In  Table  I  of  this  appendix  are  given  the  original  measurements 
for  the  eggs  of  Scries  A  used  in  this  investigation.  These  measure- 
ments are  published  here  in  the  hope  that  they  may  be  useful  to 
other  students  of  the  physiology  of  egg  production,  and  in  general 
as  a  set  of  basic  records  of  the  normal  variation  of  the  egg  in  a  homo- 
geneous flock  of  domestic  fowls. 


Table  I. — Giving  the  originahneasurements  of  the  eggs  comprising  Series  A  of  this  bulletin 

(cf.p.176). 
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53.35 

57 

53.57 

38.  94 

45.  39 

72.69 

42.52 

5 

56.94 

42.77 

58.  61 

75.12 

54.56 

58 

55.08 

41.91 

54.16 

76.09 

50.  68 

6 

53.54 

41.29 

51.52 

77.11 

47.81 

59 

54.58 

40.54 

50. 12 

74.28 

46.97 

7 

56.46 

43.  18 

58. 57 

76.48 

55.11 

60 

58.07 

40.76 

54.19 

70. 19 

50.  52 

8 

54.55 

40.  16 

49.81 

73.27 

46. 07 

61 

55.95 

42.97 

58.  61 

76.80 

54. 13 

9 

57.51 

40.65 

54.07 

70.  67 

49.79 

62 

51.51 

42.  81 

53.  02 

83. 12 

49.41 

10 

65.64 

41. 19 

52.02 

74.03 

49.40 

63 

55.  50 

41.87 

53. 15 

75.44 

50.  97 

11 

55.25 

42.28 

54.92 

76.52 

51.72 

64 

52.32 

40.93 

48.91 

78.23 

45.  87 

12 

53.07 

42.08 

52. 19 

79.29 

49.21 

•  65 

54.14 

42.96 

54.  63 

79.35 

52.  32 

13 

56.38 

39.06 

51.26 

69.28 

45.04 

66 

54.60 

43.82 

58.  71 

80.26 

54.89 

14 

55.75 

42.76 

56.  65 

76.70 

53.38 

67 

54.36 

42.  40 

55.  58 

78.00 

51. 17 

15 

51.26 

38.  66 

42.98 

75.42 

40.11 

68 

59.79 

40.  71 

55.20 

68.09 

51.90 

16 

57.  71 

42. 10 

56.  33 

72.95 

53.57 

69 

51.08 

43.43 

53.  88 

85.02 

50.  47 

18 

53.21 

42.03 

52.96 

79.99 

49.25 

70 

55.68 

45.18 

62.  72 

81. 14 

59.51 

19 

57.  27 

40.35 

53.  40 

70.  46 

48.85 

71 

56.46 

43.97 

62.  80 

77.88 

57. 13 

20 

54.74 

40.55 

51.60 

74.08 

47. 15 

72 

54.82 

41.60 

53.00 

75.  88 

49.61 

21 

57.76 

42.  49 

59.60 

73.56 

54.63 

73 

55.98 

43.00 

57.24 

76.81 

54.20 

22 

58.27 

41.61 

56.  87 

71.41 

52.81 

74 

54.90 

43.25 

58.25 

78.  78 

53.79 

23 

56.94 

41.90 

55.42 

73.59 

52. 34 

75 

58.75 

42.37 

59.24 

72. 12 

55.  26 

24 

52.  82 

39.74 

45.  42 

75.24 

43.68 

76 

55.02 

39.94 

50.  28 

72.  60 

49.96 

25 

56.80 

39.92 

49.73 

70.28 

47.39 

77 

52.20 

42.  49 

53.  14 

81.40 

49.  37 

26 

57.73 

40. 54 

54.82 

70.22 

49.69 

78 

55.50 

42.35 

56.  74 

76.31 

52. 14 

27 

57.07 

41.81 

55.72 

73.26 

52.22 

79 

59.44 

41.13 

55.  56 

69.20 

52.69 

28 

57.75 

41.31 

55.  56 

71.53 

51.64 

80 

54.44 

40.27 

49.  29 

73.  97 

46.  25 

29 

56.73 

40.  44 

51.74 

71.29 

48. 59 

81 

54.24 

41.62 

52.  49 

76.  93 

49.  19 

30 

56. 54 

40.  87 

52.  84 

72.29 

49.47 

82 

53.85 

42.  32 

54.  89 

78.  59 

50.51 

31 

55.71 

41.23 

51.97 

74.01 

49. 62 

83 

58.59 

41.12 

64.79 

70. 18 

51.86 

32 

57.02 

44.01 

61.41 

77.18 

57.80 

84 

52.88 

41.64 

51.93 

78.  74 

48.  01 

33 

58.66 

41.05 

57. 13 

71.00 

53.31 

85 

53.  10 

42.05 

51. 15 

79.19 

49. 18 

34 

51.46 

43.  36 

54.63 

84.26 

50.66 

86 

56.  70 

42.83 

59.25 

75.54 

54.48 

35 

57.80 

41.93 

56.  79 

72.54 

53.  23 

87 

54.56 

40. 15 

49.  34 

73.  59 

46.07 

36 

62. 13 

38.76 

52. 06 

62.39 

48.88 

88 

56.  56 

41.90 

55  09 

94.08 

51.99 

37 

58. 36 

41.44 

55.53 

71.02 

52.48 

89 

57.25 

39.63 

48.  61 

69.  22 

47. 11 

38 

57.60 

44.25 

62.89 

76.82 

59.08 

90 

57.45 

42. 06 

56.  71 

73.  21 

53.22 

39 

57.79 

44. 10 

61.12 

76.  31 

58. 84 

91 

57.63 

41.73 

55.77 

72.  41 

52.58 

40 

57.  33 

42. 93 

59.42 

77.88 

55.36 

92 

54.67 

41.52 

53.  35 

75.95 

49.  36 

41 

67.92 

41.88 

66.54 

61.66 

62.37 

93 

58.37 

42.82 

59.  88 

73.  36 

56.03 

42 

54.80 

40.  46 

51.  25 

73.81 

46.97 

94 

61.05 

43.  87 

67. 53 

71.86 

61.56 

43 

56.  89 

42.63 

56.  89 

74.93 

51.15 

95 

56.73 

43.17 

61.01 

76.10 

55.39 

44 

59.  47 

42. 03 

58.  44 

70.67 

55. 74 

96 

54.41 

38.14 

45.  65 

70. 10 

41.43 

45 

58.  28 

43. 00 

60.  60 

73.  78 

56.42 

97 

55.48 

40.02 

50.  26 

72.13 

46. 53 

46 

60. 17 

40. 95 

57.50 

68.06 

52.85 

98 

54.37 

41. 11 

52.  43 

75.61 

48. 14 

47 

57.98 

41.  74 

55.  69 

71.99 

52.89 

99 

61.  10 

40.60 

55.  87 

64.  45 

52.73 

48 

55.  34 

40.  50 

51.07 

73. 18 

47.53 

100 

58. 56 

43. 17 

62.29 

73.72 

57.17 

49 

57.83 

42.  99 

59.41 

74.34 

55.95 

101 

55.77 

43.  76 

61.38 

78.47 

55.93 

50 

57.12 

41.57 

55.  74 

72.  78 

51.66 

102 

66.39 

40.  77 

54.  09 

72.  30 

49.09 

51 

54.42 

41.28 

52.08 

75.85 

48. 56 

103 

63.50 

42.58 

61.92 

65.  59 

60.28 

52 

55.00 

44.50 

61.22 

80.90 

57.03 

104 

57.74 

41.03 

54.70 

71.06 

50.  92 

53 

58.60 

43. 56 

61.69 

74.33 

58.22 

105 

1  56.31 

43.53 

59.72 

77.30 

55.85 

238 


PHYSICAL  CHARACTERS  OP  THE  EGG. 


239 


Table  I. — Giving  the  original  measurements  of  the  eggs  comprising  Series  A  of  this  bul- 
letin (cf.  p.  176) — Continued. 


Egg 

gth. 

idthJ 

J3 
be 

<a 

Egg 

i 

.d 

.c 

-5 

cS 

+-> 
u 

No. 

§ 

'P 

3  i 

No. 

C 

o 

o 
t- 

"5 

P3 

? 

i— i 

«  1 

rl 

Pn  : 

;£ 

ca 

mm. 

I 

mm. 

gms. 

JrCT  Ct. 

c.  c. 

mm. 

mm. 

ejms. 
50. 11 

Per  ct. 

c.  c. 

106 

56. 66 

40.45 

53. 10 

71.39 

48.57  | 

183 

54.  45 

40.  40 

74, 20 

46.  54 

107 

63.33 

40.53 

57. 36 

64 . 00 

54. 50 

184 

56.  41 

42. 46 

56.  51 

75.  27 

53.  24 

108 

63. 06 

44.  26 

69.  47 

70. 19 

64.  68 

185 

60.  61 

41.  87 

60.  26 

69.  08 

55.  65 

109 

54.48 

42. 01 

54.  71 

77. 11 

50.  36 

186 

54.  86 

4 1 . 56 

52.  82 

75.  76 

49.  61 

110 

56.56 

41.90 

74.08 

187 

62.  49 

41.  51 

60.  52 

66.  43 

56.  39 

111 

57.03 

42. 67 

58. 29 

74.  82  ' 

54.  40  | 

188 

56.  07 

41. 36 

53.  83 

73.  76 

50.  23 

112 

57.52 

40. 30 

53.  43 

70. 06 

48. 91 

189 

58.  44 

42.  35 

60.  24 

72.  47 

54.  90 

113 

57. 33 

42.  47 

58.  74 

74. 08 

54. 18 

190 

53.  27 

42.  51 

54.  06 

79.  80 

50.  44 

114 

56. 58 

41.  88 

56.  62 

74. 02 

51. 96 

191 

56.  46 

43.  59 

60. 15 

77.  20 

56. 14 

115 

56.  53 

41.06 

53. 30 

72. 63 

49. 91 

192 

56.  59 

40.  96 

52.  89 

72. 38 

49.  70 

116 

56.  34 

39.  74 

50. 53 

70. 53 

46. 59 

193 

55.  88 

42. 16 

56.  45 

75.  35 

52.  00 

117 

58.  89 

42. 17 

59.  44 

71.  60 

54. 85  , 

194 

55.  62 

40.  34 

52.  27 

72.  53 

47. 39 

118 

56. 19 

41.  88 

56. 51 

74. 53 

51.59  ; 

195 

56.  30 

40.  31 

50.  64 

71.  59 

47.  87 

119 

54.  99 

41.92 

54.  72 

76.  23 

50. 59  i 

196 

57.  29 

42.  09 

55.  72 

73.  47 

53. 12 

120 

55. 19 

41.97 

55. 14 

76. 05 

50. 92  ] 

197 

54.  97 

42.  66 

56.  06 

77.  61 

52. 39 

121 

55.  65 

44.02 

59.  76 

79. 10 

56.  42  i 

198 

53.  43 

42.  07 

52.  81 

78.  74 

49.  55 

122 

55. 11 

42.09 

56. 00 

76. 37 

51. 10 

199 

53.  36 

42.  49 

54.  26 

79.  63 

50.  42 

123 

59. 18 

42. 68 

61.  70 

72. 12 

56.  44 

200 

56.  35 

40.  47 

51.  47 

71.  82 

48. 36 

124 

59.  35 

43.  81 

64. 65 

73.  82 

59.  63 

201 

57.  71 

40. 12 

50.  40 

69.  52 

48.  65 

125 

53.03 

42.41 

53. 00 

79. 98 

49. 93 

eo'  *<? 

42.  56 

53.  63 

80.  88 

49. 91 

126 

57.07 

40. 93 

53. 80 

71.  71 

50. 04 

203 

58.  41 

43.  88 

62.  62 

75. 12 

58. 88 

127 

54.65 

40.  43 

49. 60 

73. 98 

46.  80 

204 

54.  95 

40.  28 

49.  35 

73.  30 

46. 69 

128 

57.  65 

43.96 

63. 31 

76.  26 

58. 34 

205 

54.  63 

42.  83 

56. 11 

78.  40 

52. 51 

129 

59. 14 

41.  01 

56. 03 

69. 34 

52. 10 

42.  29 

56.  88 

74.  74 

52. 94 

130 

53.  79 

41. 74 

54.  00 

77. 60 

49. 06 

207 

5o.  52 

41.  57 

54. 12 

73.  55 

51. 16 

131 

54.  03 

43.03 

56. 00 

79.  64 

52.  42 

208 

57.  00 

42.  24 

56.  83 

74.  00 

53.  25 

132 

55.  32 

40.37 

49.  72 

72.  98 

47. 18 

209 

61 . 06 

40.  53 

56.  09 

66.  38 

52.  24 

133 

57. 35 

41.85 

56. 52 

72. 98 

52.  61 

210 

55.  38 

40.  60 

51.  80 

73. 31 

47.  80 

134 

57.  31 

42. 57 

57.  44 

74. 28 

54. 41 

211 

5i .  84 

41.  62 

56.  26 

71.  96 

52.  46 

135 

53.03 

40. 37 

48. 68 

76. 13 

45.  2S 

212 

53. 10 

42. 12 

52.  99 

79. 32 

49. 33 

136 

55.50 

4L58 

54. 14 

74.  92 

50.  24 

213 

57. 12 

40.  80 

52.  31 

71.  43 

49.  79 

137 

55.  45 

44. 48 

62. 37 

80. 22 

57. 45 

214 

53.  42 

41.  38 

51.  55 

77.  46 

47.  89 

138 

58.  81 

44.  43 

65.  80 

75. 54 

60.  80 

215 

57. 18 

41. 92 

56.  39 

73. 31 

52.  61 

139 

57. 33 

46.  34 

68.  48 

80.  84 

64.  47 

216 

56.  82 

42.  70 

58. 1 8 

75. 15 

54.  24 

140 

54.  46 

39.  79 

48.  65 

69.  40 

45. 12 

217 

56.  70 

43.  35 

59.  29 

76.  45 

55. 82 

141 

57.  63 

42.  03 

57.  87 

72.  93 

53.  34 

218 

56.  21 

40.  82 

52.  31 

72.  62 

49,  03 

142 

55.  63 

41.  24 

53.  34 

74. 13 

49. 55 

219 

56.  32 

41.  SO 

55.  04 

74.  32 

51.  67 

143 

56.  84 

45.  07 

65.  72 

79.  29 

60.  48 

220 

58.  08 

42. 90 

60. 14 

73.  86 

55.  97 

144 

59.  73 

40.  03 

52.  63 

67. 02 

50. 15 

221 

55.  55 

40.  03 

50.  43 

72. 06 

46. 64 

145 

61.  04 

40.  79 

56.  81 

66.  82 

53. 15 

222 

52.  70 

40.  79 

48.  22 

77.  40 

45.  89 

146 

55.  65 

41  57 

53.  97 

74.  70 

50.  34 

223 

55.  65 

41.  94 

55.  25 

75.  36 

51.  26 

147 

57  07 

42  51 

57.  78 

74.  49 

54. 03 

224 

54.  86 

43.  53 

58.  01 

79. 35 

54.  45 

148 

51  30 

40  92 

47.  37 

79.  77 

45. 98 

225 

52.  38 

42. 12 

51.  66 

80.  42 

48.  66 

149 

54  66 

43  29 

58.  28 

79.  20 

53. 66 

226 

58. 12 

42.  78 

61 . 63 

73.  61 

55.  69 

150 

57  72 

41  95 

57.  25 

72.  68 

53. 21 

227 

54.  77 

41.  93 

52.  61 

76.  56 

50.  43 

151 

56  47 

40  02 

50.  95 

70.  87 

47.  36 

228 

53.  80 

40.  62 

49.  63 

75.  £0 

46.  48 

152 

55  86 

41  47 

54.  24 

74.  24 

50.  32 

229 

55.  88 

42.  40 

55. 1  4 

75.  88 

52.  60 

153 

45  23 

69.  51 

76.  32 

63.  50 

230 

56.  33 

44.  54 

61.  87 

79.  07 

58. 52 

154 

60*  29 

!n '  -o 

56.  36 

66.  72 

51.  46 

231 

52. 93 

42.  04 

51.  96 

79.  43 

48. 99 

155 

55  33 

53.  86 

75.  04 

49.  95 

232 

56.  25 

42.  46 

57.  09 

75.  48 

53. 10 

156 

if\  S7 

53.  40 

72. 13 

49.  68 

233 

56.  88 

41.  09 

53.  29 

72.  24 

50.  26 

157 

t-r'  \~r 

A  A  Ofi 

61.  56 

78. 35 

57.  93 

234 

54.  54 

41.  48 

51.99 

76. 05 

49. 14 

158 

57.  57 

AO  ol 

61.  73 

75. 13 

56.  42 

235 

58.  86 

45.  52 

66.  99 

77.34 

63.  85 

159 

dft  Qft 

50.  08 

75. 11 

47.  98 

236 

58.  66 

43. 19 

60.  63 

73.  63 

57.  27 

160 

jo  fin 

61. 15 

71.  85 

56.  33 

237 

54.  08 

41.  85 

53. 31 

77.  39 

49.  62 

161 

m"  or 

49.  94 

76.  80 

46. 92 

]  238 

52.  50 

42.  26 

51. 14 

80.  49 

49. 09 

162 

1  fi 

42  37 

58.  01 

74. 13 

53.  25 

1  239 

55. 16 

43.  70 

58.  48 

79.  22 

55. 16 

163 

56  20 

43  13 

59.  84 

76.  74 

54.  76 

240 

55. 00 

39. 93 

48.  20 

72.  60 

45. 94 

164 

64  91 

39  03 

55.  94 

60. 13 

51.  81 

241 

52. 55 

41.37 

49.  06 

75.28 

47.12 

165 

41.  81 

54.  97 

75.  27 

50.  83 

242 

53.  39 

40. 19 

48.37 

78.  73 

45.12 

166 

6o'  18 

58.  69 

69.  49 

54. 00 

243 

57.  47 

41.  39 

54.  84 

72. 02 

51. 53 

167 

58.  00 

39. 12 

50. 19 

67.  45 

46.  47 

244 

54.  06 

43.  04 

56.07 

79. 61 

52.  43 

168 

60!  13 

4L61 

59.  83 

69.  20 

54.  52 

245 

57.  04 

40.  63 

53.  24 

71.23 

49. 33 

169 

60.  98 

44.99 

68.  52 

73.  78 

64. 59 

246 

56.  40 

38.  38 

47. 13 

68. 05 

43. 50 

170 

54.  40 

41.  82 

53.  37 

76.  88 

49.  81 

56.  58 

40.  So 

o2.  44 

171 

58.  40 

43.17 

61.29 

73.  92 

57. 01 

248 

59.  75 

42.  93 

62.  20 

7L85 

57. 69 

172 

60.  29 

39.  64 

52. 10 

65.  75 

49.  61 

219 

52.20 

40.  96 

49.  32 

78.47 

45.85 

173 

57.  52 

41.71 

55.  71 

72.51 

52.42 

250 

62.07 

40.  75 

59.47 

65. 65 

54.  00 

n 

54.  47 

41.92 

53.24 

76.  96 

50. 13 

251 

56.  37 

39. 90 

49.  52 

70.  78 

46. 98 

V5 

56.  72 

42.  75 

56.  97 

75.37 

54.30 

252 

56.  40 

42.98 

57.  88 

76.  20 

54. 50 

176 

54.  95 

40.  70 

50.  05 

74.07 

47. 67 

253 

57. 56 

41.75 

56.  25 

72.53 

52.56 

177 

52.  46 

43.  40 

55.16 

82.  73 

51.74 

254 

57.  62 

43.  53 

60.  58 

75. 55 

57.19 

178 

58. 18 

42.  40 

58.  77 

72.  88 

54.  76 

255 

51.30 

42.  47 

52.19 

82.  79 

48.  47 

179 

55. 15 

42.  86 

56.  77 

77.72 

53.  06 

256 

53.32 

39.  42 

47.94 

63. 93 

43.  38 

180 

59.  70 

44.39 

65.  07 

74.36 

61.56 

257 

56.21 

42.  00 

55.  66 

74.72 

1  51.91 

181 

60.11 

38.  77 

50.  45 

64. 50 

47.29 

258 

55.  72 

42.12 

54.  90 

75.  59 

51.76 

182 

55.85 

39. 76 

48.95 

71.19 

46. 24 

259 

58.09 

40.  54 

53. 94 

69.  79 

49.  98 
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Weight. 
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m 

ggSS32Sg2gS32S2SSg2ggS^ 

8£SS8SS;SyE8g88£:KSggSS^sag88gg8SS8883i388SS=;i3SgSe£8S2S3a!S8ggSKSgaSg28S£gSSSSiaaS^' 

Length. 

fej$£fei$££££p\S±fep-£^ 

8gSEESfeS8&S58£^3K8SS2g8S8g23gafefegb'ESgSg8egSaEgS2SE«ySS8S2S8S8SESS8£Sgya2K8ggS83^ 

Breadth. 

sggg^sagspsssssg&sgK^^ 

Weight. 

Index. 

SS§aSS;38gg2Si;8S23S!£SSSgSSSS8888SSS8SgSa§8£:s8i^8S88S8S88SgaaS^SEEiK£8S!SS2SgS8£;£S38." 

Bulk. 
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Table  I. — Giving  the  original  measurements  oj  the  eggs  comprising  Series  A  of  this  bul- 
letin (cf.  p.  176) — Continued. 


Egg 
No. 

Length. 

Breadth. 

Weight.  | 

Index. 

1 

i  Bulk. 

Egg 
No. 

Length. 

Breadth. 

Weight. 

Index. 

1  Bulk. 

mm. 

mm. 

gmtt. 

Per  ct. 

c.  c. 

mm. 

mm. 

gms. 

Per  ct. 

c.  c. 

418 

56.65 

43. 49 

58.54 

76.  77 

56.09 

436 

57.57 

41.82 

54. 78 

72.64 

52.73 

419 

54. 58 

41.  60 

54.  74 

76. 22 

49.  46 

437 

57.  70 

40.  73 

53. 60 

70. 59 

50. 14 

420 

54^11 

42!  21 

53!  61 

7s!oo 

50^46 

438 

57.44 

4L41 

53]  61 

72!  09 

5L  59 

421 

56.48 

43.37 

57.46 

76.  79 

55.65 

439 

54.  45 

41.60 

52.16 

76.40 

49.  44 

422 

57.  27 

40.63 

51.53 

70.  94 

49.  60 

440 

54. 47 

39.74 

46.27 

72. 96 

45.05 

423 

59.51 

41.71 

57.15 

70. 09 

54.24 

441 

56.48 

39. 96 

49.06 

70.75 

47. 22 

424 

57.37 

43.  78 

61.  51 

76. 31 

57. 56 

442 

54.24 

43. 53 

56. 23 

80. 25 

53.84 

425 

59. 13 

42.79 

60.02 

72.  30 

56.67 

443 

54.17 

41.  89 

52.  37 

77.33 

49.  74 

426 

57.15 

42.91 

58.83 

75.08 

55.13 

444 

56. 22 

39.77 

49. 03 

70.  74 

46.59 

427 

56.  79 

44.03 

60.50 

77.53 

57. 66 

445 

58.11 

43. 32 

60.77 

74.55 

57.11 

428 

55.27 

44.03 

58.28 

79.66 

56.13 

446 

54.04 

43.29 

57.08 

80.11 

53. 00 

429 

55. 98 

43.53 

57.  71 

77.  76 

55.57 

447 

51.46 

40.35 

48.51 

78.41 

43.89 

430 

59.52 

40.83 

53.80 

68.60 

51.98 

448 

55. 60 

40.15 

47.92 

72.21 

46.95 

431 

59.05 

43.41 

62.17 

73.51 

58.30 

449 

58.12 

41.15 

55. 90 

70.80 

51.56 

432 

53.82 

43.74 

56. 50 

81.27 

53.91 

450 

54.11 

40.76 

48.25 

75.33 

47.  08 

433 

55.58 

42.  51 

54.73 

76.48 

52.62  ! 

451 

56.82 

43.29 

58.71 

76.19 

55. 73 

434 

54.80 

39.06 

46. 58 

71.28 

43.  78 

452 

59. 56 

41.02 

56.73 

68.87 

52.47 

435 

59.79 

44.87 

67.99 

75. 04 

63.  05 

453 

58.85 

40.81 

55.67 

69. 35 

51.  30 

o 


